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The original 


WINDSCALE 


plant, with the first full-scale atomic piles in this country 
had 16 high-efficiency blowers of great capacity, each 
absorbing 2,500 h.p. These were supplied by 


HOWDEN 


For the new advanced 
gas-cooled reactor 


AT WINDSCALE 


Howden have been chosen to supply four main CO, 
circulators having the following features:— 
(1) Inlet Vane Control giving stable operation over full 
operating range. 
(2) High-efficiency aerofoil-bladed radial-flow Impeller 
and Diffuser. 
(3) Oil-bath Bearings. 


(4) 1570 h.p. constant-speed A.C. Motor 
(by Laurence Scott & Electro Motors Ltd.). 


(5) Special Cooling Arrangements. 

(6) Entire assembly enclosed in Pressure Bell. 
This novel arrangement of circulator requires aerodynamic, 
heat transfer, and mechanical design of extremely high 
quality. 
A factor influencing the selection of Howden for this im- 
portant contract is their extensive experience in all these 
aspects of design and of the manufacturing problems involved. 


JAMES HOWDEN AND COMPANY LIMITED 
195 SCOTLAND STREET, GLASGOW, C.5, and 15 GROSVENOR PLACE, LONDON, S.WI. 
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Nuclear Power 


REACTORS * MATERIALS ; INSTRUMENTATION PROCESSES “ RADIATION 


SPECIAL_FEATURES 
Economics of gas-cooled reactors 
In a new study G. S. Vincent of Babcock & Wilcox re-examines 
factors influencing the relationship between capital and unit costs 


and makes a fresh comparison of generating costs from nuclear and 
conventional stations 


Licensing and insuring nuclear plant 


Our legal correspondent, L. J. Blom-Cooper, summarizes the new 
Act of Parliament under which all nuclear installations will have 
to be licensed and inspected by the Ministry of Power 


Electronics for radiation detection 


In the first article of an exclusive new series, K. Kandiah of Harwell 
introduces typical systems and covers pulse shaping and pulse 
amplifiers 


How a film badge service operates 


At the Radiological Protection Service over 3000 films per week are 
monitored for workers using radiation techniques in industry. How 
this is done is described by J, Dealler 


Mass spectroscopy as a research tool 


A. H. Turnbull of Harwell outlines the applications in many branches 
of science for the modern instruments now available commercially 


NUCLEAR TECHNOLOGY 


REACTORS: 

First results from Zenith exponential stack 
INSTRUMENTATION : 

Measuring plasma temperatures with microwaves 
PROCESSES: 

A concentrator for radioactive wastes 


PROGRESS IN INDUSTRY 
Merlin—AEIl’s high flux research reactor 


Industry's first reactor is now in operation 


Nuclear research by English Electric 


A report from the new Atomic Power Centre at Whetstone 


REGULAR FEATURES 


Publisher's Column be Industrial Newsdesk 
Letters 719 Points from Papers 
Leader 81 Names in the News 
Worldview 83 Catalogues and Bulletins 
Cross-Section Gracchus 112 Book Reviews 

New Product Survey Classified Advertisements 


ROWSE MUIR PUBLICATIONS LTD, 3 PERCY STREET, LONDON, W1, ENGLAND tel: Mus2um 8252 











SPECIAL STEELS 
FOR NUCLEAR POWER... 


One of the 
most essential characteristics implied by the expression ‘high quality’ is 
reliability, and the construction of nuclear power plants ranks high amongst 
those advanced engineering projects, where any doubt concerning the materials 
of construction cannot be tolerated 
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Hadfields have contributed in the provision of high quality j 
alloy steels to meet the demand of reactor designers and the 
“Era” series of Boron Steels was developed to satisfy the special 


needs of neutron absorption for control purposes. These steels 
are also used for special shielding applications. 


Hadfields have made the Control Rods for Calder Hall and 
Chapelcross Stations of U.K.A.E.A., incorporating ‘Era Boron 
Steels” and “Era H.L.C.” special Low Cobalt Stainless Steel. ‘Era 
H.L.C."’ Steel has also been used in the production of a number 
of other reactor components and is of the 18/8 Stabilised type. 






Pressure vessel and heat exchanger forged flanges are made in 
special “Era C.R.” and ‘“‘Hecla”’ Steels, and a large number of 
small castings can be produced in our foundries which are 
specially equipped for this class of work. 
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HADFIELDS LTD., EAST HECLA WORKS, SHEFFIELD, ENGLAND. 
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3M | LI es MODEL EM 75B 


High performance “— 








Low cost 


Electron Microscope! 





Philips EM 75B is a simply operated electron 
microscope with resolving power of 50A 
specially designed to supplement optical micro- 
scopy in the range of 1200 to 3000 diameters. 
This instrument gives magnification up to 
12,000 diameters on to photographic plates, 
making a further magnification to 120,000 
diameters possible by enlargement. 

Features of this instrument are: 


@ Low capital and running costs 





@ Simplicity of design and ease in use 
(no cooling water required) 


@ Minimum alignment requirements by 
Operator 





@ Rapid specimen change 
@ Efficient servicing organisation—service 
contract available if desired. 
For further information, please ask for leaflet 


WA12-D}. 


Product of N.V. Philips, Eindhoven. 


RESEARCH & CONTROL INSTRUMENTS LTD. 


Sole distributors in U.R. 
INSTRUMENT HOUSE - 207 KING'S CROSS ROAD - LONDON - W.C.2. 
J Telephone No. : TERminus 8444 





(RCLO409B) 
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Shell Ensis 356 -years of 
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The great web of overhead lines which covers this 
country, the thousands of miles of conductors that 
stretch out over factory chimneys, along the sea 
shores, over rivers and estuaries, sets a particularly 
difficult corrosion problem. Everywhere there is a 
tendency for the protectives to drain away down 
the sagging curve of the lines, leaving the sections 
near the insulators bare. Every day these unpro- 
tected sections are attacked by the acid fumes of 
industrial areas, the mist and wind-borne salt from 
the sea. 

Here was a problem, indeed; to produce a protec- 
tive which would be liquid enough to apply in manu- 
facture, and yet on cooling would remain plastic 
and solid enough to resist the tendency to drain 
away under the heat of the summer sun. 

Shell spent many years examining these appar- 
ently contradictory requirements. Finally they pro- 
duced Shell Ensis Compound 356. A measure of the 


The Research Story 


TRIUMPHS OF SHELL RESEARCH 


4 protection for the grid 


success of their research is that 356 will add years 
to the life of s.c.a. conductors. Because of its unique 
qualities it was applied in the manufacture of the 
2} mile transmission cables spanning the estuaries 
of the Rivers Severn and Wye, one of the highest 
and longest river crossings in the world. 

The research that went into 356 is characteristic 
of the way Shell set about doing things. It was 
developed at Shell’s Research Centre at Thornton, 
and is the end product of a long line of protective 
greases. In its experimental form 356 was already 
being used by important manufacturers supplying 
the Central Electricity Generating Board. 

The moral of the story is that Shell research is 
supremely applicational. The centre at Thornton is 
always ready to work with even the most specialised 
sectors to produce the right protective for the job. 
If you and your organization have any major lubri- 
cating problems, it pays to get in touch with Shell. 


Special tests had to be developed to determine whether each of 
the many formulations examined would liquefy easily at critical 
temperatures and re-solidify without separation or change. At 
the same time the resistance to drainage at temperatures likely to 
be reached in summer had to be assessed. Steel plates dipped 
under controlled time and temperature conditions in the liquefied 
protective were held in temperature controlled ovens for 24 hours, 


the weight of material drained was then measured. Formula after 
formula was tried and rejected, until one which gave a negligible 


drainage rate was finally arrived at. 


PETROLEUM BASED 


The arrows indicate that conventional lubricants 
flow towards the sag point. This leaves the areas 
nearer the pylons unprotected. 


PROTECTIVES 


—another triumph of Shell research 


1959 
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This catalogue can help you! 


If you require industrial 
access materials, we should 
be pleased to forward a 
copy of our catalogue. 





WELDED OPEN 
STEEL FLOORING, 
STAIRTREADS, 
HANDRAIL STANDARDS, 
HANDRAILING _ 


With) == 
-LIONGRIP 
FITTINGS = | 


LIONWELD LTD 


MARSH ROAD, MIDDLESBROUGH 


- 
Telephone: 45151 Telegrams: Lionweld nae 
wr 4h 
+—* 
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1.C.l. CARBON DIOXIDE 


TO CALDER HALL AND CHAPEL CROSS 









1.C.I. supplies 


IMPERIAL CHEMICAL INDUSTRIES LTO 
LIQUID CARBON DIOXIDE 





liquid carbon dioxide 
to the United Kingdom 
Atomic Energy Authority 
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I.C.I. liquid carbon dioxide meets in full the exacting requirements of the 
atomic energy industry, and it is available whenever and wherever it is wanted. 
A fleet of specially-constructed tankers, each of 9 or 10-ton capacity, makes 





express deliveries of liquid carbon dioxide to the U.K.A.E.A. nuclear power 
stations at Calder Hall and Chapel Cross. 

For over a quarter of a century, pure liquid carbon dioxide has been produced by 
Imperial Chemical Industries Limited in a continuously running plant. The 
production capacity has guaranteed—and will continue to guarantee—regular 
and adequate supplies of liquid carbon dioxide in bulk. 


For development projects and experimentai work, 
the ‘ Drikold’ Liquefier is available—inexpensive, simple and quick to operate. 


Full information on request. 


IMPERIAL CHEMICAL INDUSTRIES LIMITED - LONDON, S.W.1 


DK,31! 
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Packaged arrangements quoted. 


Davison produces more 
uranium than all other 
commercial suppliers combined 


Tell us your reactor material needs. We'll supply you with 
exactly the grade you require in all enrichments. And you can 
bank on Davison Uranium purity of 99.9% or better. 


We can make this statement because we are the world’s leading 
commercial supplier of reactor grade uranium with broader 
experience than any other manufacturer. 


Whether your requirements are pellets, rods or ingots — but- 
tons or derbies— you may anticipate prompt shipment of your 
precise reactor requirements. 


w.r.GRACE «co. 


DAVISON CHEMICAL DIVISION 
ERWIN, TENNESSEE 





Uranium and Thorium metals and oxides. Assistance with 


A.E.C. Licensing. Shielding assemblies. Scrap recovery services. 


Tick No 8 on reply card for further details NUCLEAR POWER September 1959 








Wain ---- mild steel, 

> stainless steel, 
~~ nickel and 

aluminium etc. 








Photograph published by courtesy of 
Messrs. Sutcliffe Speakman Co.Ltd, Leigh, Lancs. 


UNIVERSAL BOILERS & ENGINEERING CO. LTD 


HEAD OFFICE: FULLEDGE WORKS - BURNLEY - LANCASHIRE - ENGLAND 
Telephone: 3121/2 and 3203 Burnley (3 Lines) Telegrams: ‘UNIVERSAL’ Burnley 


Associated with BURNLEY AIRCRAFT PRODUCTS LTD. Fulledge Works Burnley Telephone: 3121/2 


GROSVENOR STREET, STONEYHOLME, BURNLEY Telephone: 3184 
and BRITANNIA WORKS, QUEENSGATE, BURNLEY Telephone: 4102 
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SAVAGE AND PARSONS LIMITED 
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Right from the start 





BUTTERS CRANES 


have been used on every one of the Nuclear Power Stations 
built or building in Britain. 


At Calder Hall, Chapelcross, Dounreay, Hinkley Point, Berkeley, 
Bradwell and Hunterston considerable numbers of Butters Derricks 
were engaged or are in service at this moment. 


The latest development is the use of Butters Monotower Cranes at 
Berkeley, as illustrated above. For the erection of the reactors and general 
construction four 15-ton Monotowers have been installed and the capability of 
these cranes is well shown in the photograph. 

Each crane is of the fixed type, electric, with three motors; the towers are 
120 ft. high and the jib 127 ft. 6 ins. long. The maximum load of 15 tons is handled 
at 90 ft. radius, while 6 tons can be lifted at 125 ft. radius. 


BUTTERS BROS. & CO. LTD., 


MACLELLAN STREET, GLASGOW, S.! 
AND AT LONDON, BIRMINGHAM AND NEWCASTLE 
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Space ‘30 Analogue Computer 


foremost in flexibility 








Spe ‘30° normally incorporates: 30 Operational Amplifier: (20 sum| 
integrators, 10 summers); 4 Relay Amplifiers; 4 High-Speed Servo 
Multipliers|Function Generators; 4 Diode Bridges; 60 Coefficient 
Potentiometers; Central Control Panel; Aut je Timer| Repeti 
Switch; Digital Voltmeter; Reference Supply; Patch Panel; Stabilised 
Power Supplies; ete. 








Space “30’ represents a significant voltmeter programming and other Optimised Design—Maximum 

advance in analogue computer design, special control features which provide Capacity for Minimum Outlay 

combining high accuracy with a high full problem-check facilities, auto- 

work load factor, plus comprehensive matic decade scaling, double com- Central Patching and Programming 

control and programming facilities putation and allowance for external by Digital Voltmeter 

in a single unit of outstanding control are incorporated. 

operational flexibility. High Accuracy Components, Linear 
Space ‘30’ is particularly useful as a and Non-Linear Units 

Design optimisation has resulted in a research or training simulator, especi- 

computer with problem handling ally in nuclear reactor and automatic *Plug-in’ Expansion Facilities 

capacity equivalent to the usual 40 control systems work, or wherever 

Amplifier or larger machine. A cen- large dynamic range capabilities are Maximum Ease of Operation and 

tral, detachable problem board, digital required. Accessibility with Aesthetic Appeal 


Write today for fuil details 


The Solartron Electronic Group Ltd. Thames Ditton Surrey 
Tel: EMBerbrook 5522 Cables: Solartron, Thames Ditton. nternationa. less - 22842 Solartror D 

















Type NL250 25 tons capacity 


Photographjby courtesy-of 


British European Airways and Contractors - Holland & Hannen and Cubitts (Great Britain) Led, 


The NEAL range and maximum capacities 


Type NL250 (Truck-mounted) . sae . 25 tons 
Type NS1S50 ... ee ‘se ee: 
Type NS70 2. a ee ea 
Type NS55 fia: adh. Sak. weeks cae ken Sn 
CO Ee ne ee ee 
|, 3) Se ne ean eee ee 
Hy Max (All Hydraulic) a 





the 
best 


cranes 
in 

any 
industry 


R. H. NEAL & COMPANY LIMITED. BVA 


HEAD OFFICE - PLANT HOUSE - EALING - W5 - WORKS - GRANTHAM - LINCOLNSHIRE peekt Coa 
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a vital role at TRAWSFYNYDD 





Other Plessey Nucleonics activities include: The accumulated knowledge, development 


Flux Scanning Systems e 
Health Instrumentation including e 


reactor effluent of Plessey Nucleonics Ltd. are available as a 
monitoring systems 


Pulse Amplifiers 

D.C. Amplifiers 
Ratemeters 

Reactivity Meters 
Installed Test Equipment 
Power Units 

Ion Chambers and Counters 


facilities and manufacturing technique 


technical service to design engineers in 
every related field of Nuclear 
Instrumentation. Plessey engineers are 
currently giving this service 


to U.K. and overseas authorities. 








Plessey | PLESSEY NUCLEONICS LIMITED 
Weedon Road - Northampton - Tel: Northampton 4966 


Overseas Sales Organisation: - Plessey International Limited - Ilford . Essex - England - Tel: Ilford 3040 





@ PNL. 6 
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LOW- 
TORQUE 


ADVANTAGE OF 
TRINITY VALVES 


(above) ‘Trinity’ 
valve for screwed 
connections. 
NO LEAKAGE 

(below) ‘Trinity’ 
FOOL-PROOF flanged valve. 


PRACTICALLY NO 
MAINTENANCE 


SUITABLE FOR PRESSURES 
UP TO 600 P.S.I. 


RAPID AND EASY CONTROL- 
LOW TORQUE 


VERY SUITABLE FOR 
REMOTE CONTROL BY 
SIMPLE MEANS 


NO METAL TO METAL SEALS 


# SUITABLE FOR WATER, 


OIL AND OTHER FLUIDS 
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Accuracy 


m formulae to tinal machining, in the 
production ofstee!] castings atJarrow Metal 
Industries, emphasis is on accuracy. It is 
iccuracy pre-determined by two undeni 
isight into. the specifi 
rsai acceptance 

the tinest, unvarying 
e variety of steel castings 
covers all ranuges ¢ f plain 
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Steelwork for 
extension to Pease 


& Partners Ltd., Tees 


fabricated by Skinningrove. N 


Ironworks’ machine shop 


> ) 


The ancient Egyptians took 

nearly a century to build the 
pyramids. Nowadays the frame- 
work of a building soars into the 
blue almost in the time it takes to say 
** prefabrication.” 


Speed is the essence of modern building and 
that means prefabricated steel that can be erected 
quickly on the spot. 


Skinningrove specialises in speedy deliveries of fabricated 
steelwork in all shapes and sizes. Personal attention is given 

to every order which passes through the works. From the time 
the order reaches the office until it is delivered to the site 
everything is done to see that the work proceeds quickly. 


Send for a copy of the new Skinningrove Section and Underground Roof Support 
booklets which give details of sizes rolled and services etc. 


SKINNINGROVE IRON Co. Ltd. 





P.O. Box No.1, Saltburn, Yorkshire. Tel: Loftus 212 
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In connection with high pressure 


ERMETO HIGH PRESSURE COUPLINGS are specified 
by many leading manufacturers, because they are the most 
reliable fittings on the market for every high pressure 
installation. Our catalogue illustrating the full range of 
standard fittings will be sent to you on request. 
Non-standard fittings can also be made to suit your 
specification. Our technical experience is at your service. 





BRITISH ERMETO CORPORATION LIMITED 4-1", | ane) 


Hargrave Road * Maidenhead Berks * Telephone: Maidenhead 5100 * A mamber of the ALENCO Group of Companies 
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with this high stability GM tube 


The Mullard MX124/01 is a halogen quenched 

Geiger Muller tube designed for liquid sampling. 

Its closely controlled operating characteristics 

and high stability means that the problems 

of matching are eliminated—an advantage that 

will be readily appreciated by those using G.M. Tubes 
for the absolute assay of radioactive solutions 

and the measurement of standard sources. 

Write now for details of this tube and others 

in the Mullard range. 


Mullard eats 


eae MULLARD LIMITED, X-RAY DIVISION, NEW ROAD, MITCHAM JUNCTION, SURREY. Telephone: MiTcham 3471 





MXR513 
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sive NEWTHERM 
your toughest 
insulation 
assignment 


Newalls (Reg’d Brand) NEWTHERM Calcium Silicate insulation 
is the finest answer yet to many of industry’s heat insulation 
problems. Strong and rigid, Newtherm withstands rough handling 
in transit and erection, with negligible breakages even 

during transport to remote sites. Exceptionally light, Newtherm can 
be applied in difficult situations with ease — even the largest 
sections being manageable in one hand. Mozsture resistant, Newtherm 
retains much of its strength even when immersed in water, 

does not deform, and quickly dries, leaving its strength and thermal 
efficiency unimpaired. Easily applied, Newtherm offers 

a smooth surface and straight edges for speedy fitting, and is 
available in many standard sizes for immediate application. 























NEWTHERM Calcium Silicate is manufactured solely by 
NEWALLS INSULATION COMPANY LIMITED 


Head Office : WASHINGTON, CO. DURHAM, ENGLAND 
A member of the TURNER & NEWALL ORGANISATION 


Offices and Depots at : 

LONDON, GLASGOW, MANCHESTER, NEWCASTLE UPON TYNE, 
BIRMINGHAM, BELFAST, DUBLIN, BRISTOL and CARDIFF. 
Agents and vendors in most markets abroad. 


eae ors ae 
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Automatic Welding 


now within reach 


— of every shop! 





? . 
”~* 








ae 100% USAGE 





for Manual and Automatic Welding 


@ For one or two manual operators @ For submerged arc welding — 
or with Autopak continuous wire CO, manual, automatic and fully 
automatic head. automatic. 

@ Comparable in cost to a double @ No electronic components or 
operator welding transformer. delicate relays. 


@ It’s British—practical—best value @ Highly portable, compact and 
ever. robust workshop unit. 


ROCKWELD - 


COMMERCE WAY - CROYDON - SURREY Telephone: CROYDON 7I16l 
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THIS IS 


NEW 





\ Sub-unit from ELLIOTT NUCLEONICS’ new and complete range of 
TRANSISTORISED REACTOR INSTRUMENTS developed for industrial 


use out of our unrivalled experience in control instrumentation. . 


The range includes: 


Pulse Counting Channel 
Logarithmic and Period Channel 
Switched Linear (D.C.) Channel 
Deviation Channel 

Shut-down Channel 

\utomatic Scaler 

Logarithmic Ratemeter 

lonisation Chamber E.H.T. Supply 


(amma or Neutron Health Monitor Channel 


This is our first announcement of the 
equipment on view at our exhibition in 
London on September 28, 29, 30. 


Come 
and see it 


Other features in the exhibition will be: 
Process control instruments, health 
monitoring equipment, reactor simu- 


lators and control mechanisms. 





Write to us for your personal invitation 
Elliott Nucleonics Ltd., 
Century Works, Lewisham, 


London, S.E.13, England. 





ELLIOTT NUCLEONICS IS A MEMBER OF THE 
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ELLIOTT AUTOMATION GROUP 


Tick No 23 on reply card for further details 23 











a place in the Hall of Fame = Sy 
7 A 





What is special about Harland Ulectriglide submersible pumpsets. ” ; 
) ed 
, , ‘ YS fe Oe 
Pump and motor built under the same roof by men with tC a<< 
over 50 years’ experience on the manufacture of borehole Pee 
pumps and associated electric motors. (— 
(’ 
Harland commenced the development of nae ee A 
; ‘ ves en ‘ — 
submersible pumpsets 25 years ago and have a ( ———— 
gained wide experience in the balanced design \ \ | ( \ 
of the two components. = | | 
\ Va { { \( \) 
The Harland submersible motor ) { ¢ i = be | — 


is of the all wet type and is 
therefore easy to maintain and 


overhaul as it does not rely on 





special seals between rotating 


—' ; ) | Sg 
and stationary parts. a \ ; ZA f 
ws Bi | 












| \ We Sy 
A special study has been given | ¥% \ H\_}: P ns ~ 
to the design of journal and ‘Ss wW\\~ } 
thrust bearings which form sa i 
the most important part of any 1) \) 
machine operating under water. \ = i 
| —*. 

~/ 
Harland offer standard age) 
Ulectriglide submersible pumpsets 

~~ 
from 20 to 130 h.p. against short despatches. a 
An after sales service scheme is designed to give you 
complete satisfaction. i 
_ 

ulectriglide submersible pumpsets \ 
THE HARLAND ENGINEERING cQ. LTD. 
ALLOA SCOTLAND \ : 
London Office: HARLAND HOUSE 20 PARK STREET LONDON W.!. Phone: GROsvenor | 22! 2% 
Branches: BRISTOL GLASGOW LEEDS TIMPERLEY (CHESHIRE) NEWCASTLE-UPON-TYNE NOTTINGHAM / 5 — : \ 
WOLVERHAMPTON AND OVERSEAS } 
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Alor/it Pp, 
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The world’s largest Generators will help to 
fill the demand for still more power 


Progress in the development of 
nuclear energy for generating elec- 
tricity is still making front-page news 
—and rightly so. Spectacular ad- 
vances are continually being made. 
Less publicised, though in their own 
field no less outstanding, are recent 
developments in the design of 
“conventional” generating plant. 
The turbo-alternator illustrated, for 
instance, is a 550,000 kilowatt unit— 
twice the capacity of the next largest 
generator now on order for the 
Central Electricity Generating 
Board. This machine has_ been 
designed for the projected new 
power station at Thorpe Marsh. For 
Blythe ‘B’, another new station, 
275,000 kilowatt in-line units are 
on order. These sets will be served by 
unit boilers and will operate at 
steam conditions of 2350 Ib. per sq. 
in.and 1050°F, with reheat to 1000°F. 

Nuclear power stations will play 
an increasingly important part in 
meeting the doubled demand for 
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electricity forecast for the next ten 
years. Construction work is pro- 
gressing rapidly at the sites of the 
Board’s first three nuclear power 
stations, at Bradwell, Berkeley and 
Hinkley Point. The aggregate capa- 
city of these stations will be not less 
than 1,100,000 kilowatts; and by 
1966/7 some 5 to 6 million kilowatts 





of nuclear-generated electric power 
will be available. 

Though these are projects which 
will not be completed for some time, 
the work of the Central Electricity 
Generating Board is playing an 
important part in today’s fight 
against inflation. Power stations are 
being built now at an overall cost 
no greater than in 1948—£50 per 
kilowatt installed. And, although the 
output capacity of the industry has 
doubled since 1948, the increase in 
manpower is only about one-third. 

By providing today for the power 
we shall need in years to come, the 
Central Electricity Generating Board 
is building a secure foundation for 
our future prosperity. 


THE CENTRAL ELECTRICITY 
GENERATING BOARD 
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Altro safety treads made from I.C.1. ‘Corvic’ used on factory stairs by the Ford Motor Company Ltd 


When stairs are treaded with p.v.c. for safety 


tread them with ‘Corvic’ 


oO“ *CORVIC’ p.v.c. polymers are 
backed by I.C.I. research and 
technical service. When you're about to 
use p.v.c. get in touch with I.C.I. Their 
service is at your disposal. They'll 
be glad to hear from you and talk to 


you about * Corvic’. 





IMPERIAL 


°C.20 
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‘CORVIC? 


CHEMICAL 


One of the many invaluable uses to 
which ‘Corvic’ is put is in the manufac- 
ture of safety treads for stairs. Factory 
stairs at the Ford Motor Co. Ltd., 
have Altro safety treads made from 
‘Corvic’ by Welwyn Plastics (1955) Ltd. 
for the Adamite Co. Ltd. 


‘Corvic’ is the registered trade mark for 
the p.v.c. polymers manufactured 
by .C.1 





INDUSTRIES LIMITED 


LONDON 


s.w.1 
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“Hundreds 
of cutting 
teeth... 


remove the toughest deposit 


on any tube cleaning job! 


In each swinging arm the long cutting surface 
of several cutters working together, comprising 
hundreds of sharp teeth ensure removal of the 
toughest deposits in straight or curved tubes. 


No te, in the diagram, the wide swing of the 
arms of the Lagonda swing-frame head—wider than 
in any other swing-frame head—giving plenty of 
latitude for any possible variation in the 

I.D. of the tube. 


Of COUTLSE a head like this takes a lot of 


drive to get the best out of it. This is where the 
powerful Lagonda motors come in, with double 
ball thrust bearings and full lubrication that let 
practically all the power through to the cutter 
head. The full range of Lagonda tube cleaners 
caters for all types of deposits in tubes straight or 
curved, from }” dia. upwards. Write for catalogue Y-48. 


TUBE CLEANERS 
weemeee (onsolidated Pneumatic 





CONSOLIDATED PNEUMATIC TOOL COMPANY LIMITED . DAWES ROAD . LONDON . s.W.6 


NUCLEAR POWER September 1959 


CP. 182 


Tick No 27 on reply card for further details 27 








goes to sea 


The last car rolls aboard down come 


the huge shutters, and another trip begins for the “Princess of 


Vancouver.” Brady Steel Rolling Doors are 


suitable for any size or kind of opening. They are designed for strength 


and trouble-free operation which guarantee a hundred per cent performance 


even in the most rigorous conditions and justify absolute confidence 


in their security. Hand or power operated, they are available 


singly or in series. Send for illustrated leaflet S /45/S§S353 


G. Brady & Company Limited, Manchester 4. Telephone COLlyhurst 2797/8/9 


BRADY FOR EVERY OPENING: BRADY ROLLING DOORS IN STEEL, WOOD AND 
ALUMINIUM . SLIDING SHUTTER DOORS . GRILLES 
IN STEEL, ALUMINIUM OR NYLON . UP AND OVER DOORS . FIREPROOF 


DOORS R. BBER DOORS COLLAPSIBLE GATES . SLIDING DOOR GEAR 
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SHUTTERS ROLLING DOORS 








THE DOORS COMMANDING THE WORLD‘S LARGEST SALE— 
London, Birmingham. Glasgow, Montreal, Port Credit, Hong Kong. 
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MUREX ““MURAFLUX A” for submerged-arc welding 


“Murafilux A” is the first of a new range of Murex 


granular fluxes for submerged-arc welding. It has 
been specially developed for the welding of mild steel 
by all machines using A.C. or D.C. for submerged-arc 
welding. 

The flux may be used with ordinary filler wires but is 
specially recommended for use with ““Murawire W1” or 
““Murawire W2” supplied by Murex. When used with these 
wires, ““Muraflux A” produces welds of high radiographic 
standard suitable for Class 1 work, and the flux has 


_ 7; 
MUREX 


V 


complete 
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service for 


been granted approval by Lloyd’s Register of Shipping 
and is accepted by the Ministry of Transport. 

**Muraflux A” is suitable for either the single pass or multi- 
pass welding of various joints in mild steel as well as plug 
welds and the building up of worn mild steel parts. Good 
penetration can be obtained and unfused flux can be re- 
covered for further use. 

**Muraflux S.1” granular flux for the submerged-arc welding 
of stainless steel is also available with the appropriate 
Murex S.W.1 and S.W.2 filler wires. 


automatic welding 


MUREX WELDING PROCESSES LTD. WALTHAM CROSS, HERTS. 


T.2 








So simple! 
So surely SIMPLIFIX 
the foolproof 





coupling! 





Simplifix couplings form a perfect joint on almost 

any kind of tubing including those with very thin walls. 

All that is required is tightening with a spanner— 

no special work is required on the tube and the anti-friction 
washer prevents the tube twisting when the nut is tightened. 
Simplifix couplings are suitable for all pipe line systems 

up to 2in. o.d. In a wide range of interchangeable standard fittings. 
Non-standard fittings of all kinds can also be made to order. 
Write for further information and fully illustrated catalogue. 


si M =) | § Fl X SIMPLIFIX COUPLINGS LTD., HARGRAVE RD., MAIDENHEAD, BERKS. TEL: MAIDENHEAD 5100 
A member of the ALENCO Group of Companies 
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In the field 
of 
Nuclear Energy— 


the 
ever expanding 
demand 





for 


STAINLESS STEEL 
EQUIPMENT 


: AS FABRICATORS to the Is being 
| United Kingdom well met by 


Atomic Energy Authority 
Butterfields have supplied or are 
now at work on plant 





for the following undertakings: 
Ministry of Supply, Nuclear Physics 

Research Laboratory (Liverpool Univer- a7 Thaa rfi eld 
sity), University of Birmingham, Rolls- 
Royce Ltd. and Standard Telephones and 
Cables Ltd., Royal Society Mond 
Laboratory, Cambridge, 

The Plessey Co. Ltd. 
The United 
Kingdom Atomic 
Energy Authority 
The Clarendon 
Laboratory Oxford, 
C.E.R.N. (Geneva) 
and Air Products (G.B.) Ltd. 











W. P. Butterfield Limited P.O. Box 38 











Shipley, Yorkshire. Telephone 52244 (8 lines) 
Branches: 
Illustrated extreme top: London Telephone HOLborn 2455 (4 lines) 
Stainless Steel Birmingham Telephone EAS 0871 and EAS 224! 
Monitor Tanks 
for the Bristol Telephone 27905 
United Kingdom : 
pace Grevey huatenrtty Liverpool Telephone CENtral 0829 
Glasgow Telephone CENtral 7696 
and above: 
100 Two Solvent Coolers Dublin Telephone 73475 and 79745 


and two Crude Liauor Coolers 
in Stainless Steel 





NUCLEAR POWER September 1959 Tick No 31 on reply card for further details 31 














32 


with this flooring 


a spanner 
in the 


works 
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WELDED STEEL FLOORING 


Engineers everywhere are aware of the unique design and construction of ‘ Safetread’ 
flocring—its construction has gained universal appeal as it provides the greatest 
possible strength and rigidity with a minimum use of steel, thus enabling valuable 
economies to be effected in supporting members. 

With Safetread’s welded construction, nothing can work loose or cause chattering 
through vibration—its design enables maxirnum light and air penetration and yet 
the danger of tools or other similar objects falling through is reduced to an 
absolute minimum. 

Write today for a catalogue of Safetread “tailor-made” flooring—amply illustrated, 
it contains deflection tables, safe-load tables, and a wealth of useful information 
for the man with a flooring problem. 


ALLAN KENNEDY & CO-LTD 


MARITIME STREET - STOCKTON-ON-TEES 


Telephones: STOCKTON 65464 (4 lines) - Grams: ‘GRATING’ STOCKTON-ON-TEES 
London Office: ABFORD HOUSE WILTON ROAD LONDON S.W.I - Tel: ViCtoria 2539 


P2674 
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The photograph shows a Metrovick 132 kV., 3,500 MVA., Type GA6W4 
Air-Blast Circuit Breaker installed in a British substation 


This type of breaker is in extensive use on the British grid system, and has been 

selected to control the output of Scotland’s first Nuclear Power Station at Hunterston. 

Overseas, 132kV., SO00-MVA., Type GA6W4 breakers will be installed in seven 
new sub-statiors in the Greater Buenos Aires area of Argentina. 


Associated Electrical Industries Limited 
SWITCHGEAR DIVISION 


Traftord Park, Manchester " Higher Openshaw, Manchester ° Willesden, London 
An A.E.I. Company F/A901 
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WHEN YOU ARE 


—THINK OF HARVEY 





Harveys have the ‘know-how’, the space, the 
equipment and the skilled men to produce large 
fabricated assemblies with efficiency. 

Assemblies up to 120 tons can be handled in one 
piece, and completed down to final machining. 
Full equipment is maintained for automatic 
welding, and stationary and portable X-ray units 
are supplemented by Radioisotopes for non- 
destructive testing. 

Harvey engineers are always available to discuss 
your fabrication problems, and to advise how we 
can best help you. 


Left: A mild steel jacketed Autoclave to Class 1 construction 
with electrically driven stirring gear. 


Below: This Ethylene Oxide Reactor weighs 13§ tons, is 
9 ft. 6 ins. in diameter and contains over 15 miles of 1} in. 
dia. catalyst tube. 


HARVEY FACILITIES AND PRODUCTS 


CLASS I WELDED PRESSURE VESSELS TO 
LLOYD’S AND A.S.M.E. CODES * HEAT 
TREATMENT AND RADIOGRAPHY °* DIE- 
PRESSED AND ‘“ROTARPREST’ HEADS UP TO 
15 FT. DIA. — Larger sizes to specification 
WELDED PRESSURE VESSELS AND FABRICA- 
TIONS IN ALL METALS + STEEL PLATE AND 
SHEET METALWORK - HEAVY MACHINING 
AND FITTING. 





HARVEY FOR (nA? WELDED FABRICATIONS 


G. A. HARVEY & CO. (LONDON) LTD., WOOLWICH ROAD, LONDON, S.E.7. GREenwich 3232 (22 lines) 





HC/HT/10 
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Do you require 
HIGH PURITY 
Argon? 


For the removal of 

moisture, oxygen and nitrogen. 
For cleaning up the 
atmosphere in glove boxes. 
For welding or for any other 
application where the need 
arises to remove one or more 


of the above impurities. 





THE MARK IV SELF-CIRCULATING GAS PURIFIER 


Supplied in single or in tandem units for long process work. Fully instrumented. Fully automatic 


4 Se 


WESTERN DETAIL \ (57 \ 7 MANUFACTURERS LTD 





WESTERN WORKS, a es STAPLE HILL, BRISTOL. 





Telephone 65-6141/2;3 Telegrams: Aries, Bristol Cables: Aries, Bristol, England 


} it 
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IMPORTANT 
DEMINERALISATION 
PLANTS 








William Boby & Co. Ltd. have been entrusted 
with the execution of the demineralisation water 


treatment plants at : 


CHEMSTRAND LTD., N. Ireland 


(Main Contractors : Messrs. Constructors John Brown) 


For their new ‘ACRILAN’ factory at Coleraine, N. Ireland, Messrs. Chemstrand have 
installed a 10,000 galls./hr. ‘Boby’ demineralisation plant for process and boiler feed water. 


The plant comprises the following sections : 


Coagulation and Settlement — Filtration — Cation Exchange — Weakly basic Anion 
Exchange — Degassing — Mixed Bed Ion Exchange. 


VEITSILUOTO 0/Y, 
Finland WATER 


The Veitsiluoto paper mills of Finland have installed 
a 13,400 galls/hr. ‘Boby’ demineralisation water,treatment 
plant for feed water for boiler working at 1,750 p.s.i. 

The plant comprises the following sections : 


Coagulation and Settlement —Filtration— Cation Exchange Ei F E 
—Weakly basic Anion Exchange — Strongly basic Anion R ATM NT 


Exchange. 


Established in 1875 





WILLIAM BOBY & CO. LTD. 


RICKMANSWORTH, HERTFORDSHIRE, ENGLAND. Telephone: Rickmansworth 425I* 
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AEROQUIP, simple to assemble 
yourself — on the spot — ina 

few moments. It is the ideal 
link for conveying oils, gases 
and liquids through a wide range 
of temperatures at all pressures 
up to 10,000 pounds per square inch. 


Please write for full details contained in 
our latest AEROQUIP catalogue. 














HOSE & DETACHABLE RE-USUABLE FITTINGS 


Manufacturers of ‘ SuPerfect’ Oil Seals, Hydraulic Packings and ‘O 
Rings; ‘ Romet’ water pump seals and mechanical pump seals; ‘ Fidrac 
mechanical rubber mouldings; ‘Redcaps’ Polythene Protective Caps and Plugs. 


SUPER OIL SEALS & GASKETS LIMITED - FACTORY CENTRE - BIRMINGHAM 30 
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Main CO, Duct Isolating Valve for Nuclear Reactor Power Plants for 
working pressures of 10 kg/cm? and 400" C. 


ERHARD 


ABSPERRKLAPPEN (Pat. throughout the world) 


The design of the ERHARD-Absperrklappen is not limited to the afore- 
mentioned temperatures and pressures, and we are ina position to manu- 
facture valves in order to meet the severest temperature and pressure 
conditions arising in nuclear reactor power plants. 





External means are used in order to urge the disc sealing ring on to or 
away from the valve seat for closing or opening the valve. Operation 
can be effected according to requirements by hand, electric, pneumatic 
and hydraulic means. 


For all information write to: 


The Sole Agents for the United Kingdom 


A. K. STARCK’S CO. LTD. 


22, Chancery Lane London W.C.2 


Teleptone Holtorn 2966 Cable: Akstar London 





JOHANNES ERHARD H. WALDENMAIER ERBEN 
SiddeutscheArmaturenfabrik Herdenheim anderBrenz Western-Germany 
38 
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ce The remote 

ee handling and 
O machining of radio-active 
materials calls for design and 
construction of equipment by engin- 
eers who have asound background 
in special-purpose machinery 
and machine tool production. 
More important, they must 
have a detailed knowledge 
and appreciation of the 
problems peculiar to 
the Nuclear Industry. 


J.EVANS 





We have both the engineering 
skill and ‘‘know-how.”’ With the 
close collaboration of the United 
Kingdom AtomicEnergy Authority, 
we have already designed and 
installed equipment at the Dounreay, 
Windscale and Springfields plants. 
The illustrations show the exterior and 
interior installation of a remotely con- 
trolled precision lathe for the machining 
of irradiated fuel elements at Dounreay. 
We shall be pleased to visit you at any time 
and you are cordially invited to our works 
where selected films and a most interesting 
range of activities can be seen. 


MARCYN WORKS, 
GOLDSMITH AVENUE, PORTSMOUTH 
Telephone: PORTSMOUTH 32233 
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New 


RII 
MASONEILAN 





II 


improved 
low 
priced — 
No. 77 
air 

filter 
regulator 


set 





te Combined dripwell — filter — te Exceptionally flat pressure 
reducing valve — relief valve flow characteristics 

he Corrosion resisting diecast aluminium * Compact — lightweight — 
body: stainless steel easy to maintain 


and brass working parts 


CROSBY VALVE & ENGINEERING CO. LTD. - WEMBLEY - MIDDLESEX ~- AlLPerton 2311 
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Pipework 


Marston’s fabricate large quantities 


of light alloy pipework for U.K.A.E.A. 


MARSTON EXCELSIOR LIMITED 


Fordhouses, Wolverhampton 


(A subsidiary of Imperial Chemical Industries Ltd.) 





MAR 250 = 


NUCLEAR POWER September 1959 Tick No 41 on reply card for further details 


SS Tera Rag Bee heyy 


te 








WESTOOL SOLENOIDS 


Westool Solenoids are ‘naturals’ wherever automatic control is 
required. Being electrically operated, they can be incorporated easily 
into any control system whether fully automatic or push-button; 

DONT BE an —- a lend themselves to the streamlined machine 
PREHISTORIC - ayout of today. eir action is instantaneous and certain. 
WESTOOL SOLENOIDS V estool make a wide standard of A.C. and D.C Solenoids to cover 
RING most industrial requirements, and some of these are illustrated here. 
B YOU UP-TO-DATE Practical design, use of the best materials, care in manufacture and 
- AUTOMATICALLY thorough testing ensures that Westool Solenoids are the best you 
can obtain. 


For technical data sheets and price list write or telephone today. 


London: 2 Ashby Place, London, S.W.! 


LIMITED ST. HELEN’S AUCKLAND, co. DURHAM Phone: Victoria 7301/2 


Birmingham: 7 Newhall St., Birmingham 3 
Phone: West Auckland 551/5 Grams: Solenoid, West Auckland Phone: Central 390! 
TiB 113 
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OUR VALVES HAVE XK | 


MANY FACES 


Did you know that each one of our automatic 
control valves has a personality of its own? 
Take ‘Safety Cut-out’, for instance. 

Now, he’s a careful type who shuts up like a clam 
whenever his electrical circuit is disturbed 

and flatly refuses to allow either liquids 

or gases to pass. Or there’s ‘Balanced 3-way’. 
This fellow is a leader and controls 

other chaps doing all the hard work — Pneumatic 
and Hydraulic cylinders for example. 

We have over 100 different ‘types’ of valves 

for every kind of automatic or remote 

control system involving water, steam, coal gas, 
oil, air and many other industrial 

liquids and gases. They don’t use glands, 
stuffing-boxes or driving shafts and, 

what's more, they have a reputation for 

hard work, long life and the utmost reliability. 
Full technical details of this family 

of automatic control valves are contained 

in our new brochure No. 64. 

Why not write NOW for your copy? 
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7, KENDALL PLACE, 


AUTOMATIC STOKERS 


CRUCIBLE BAKING OVENS 


GAS GENERATING PLANT 
HYDRAULIC & PNEUMATIC 
CYLINDER MECHANISMS 
HOT WATER SERVICES 


a 


LSP pe og nrm 


Well over 100 of them, 
in fact. A ‘type’ to suit 


every requirement. 


oOoomooe 


MAGNETIC VALVES ARE USED EXTENSIVELY IN 


U 
AIR CONDITIONING LAUNDRY PLANT 
MACHINE TOOLS [] 
BOILERS OIL BURNERS (] 

CENTRAL HEATING REFRIGERATION 
NUCLEAR POWER PLANT 0 
DYEING STERILISING PLANT 0 
STEAM TURBINES ia 

TINNING BATHS 
VACUUM PUMPS ] 
U 


VENTILATION 


a ee A | S| Se ee ee 


MVC The Magnetic Valve Company pond 


BAKER STREET, W.1 


TELEPHONE HUNTER 1801/ 
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tustrex! 
BELLOWS 


(including precision barometric 
units, with closely controlled 
spring rate tolerances). 

For use in gas and fluid 
ducting systems for control of 
expansion or contraction, 

and to allow for misalignment. 
Other uses include shaft 

seals and glands. Available in 
stainless steel and other metals. 














Wyse rex) 


STAINLESS STEEL FLEXIBLE 
PIPE ASSEMBLIES 


For conveying gases and 
corrosive fluids at 
temperatures from —196’°C 

to as high as 450°C. Available 
from *%” up to 4” diameter. 


specify AVICA 
flexible assemblies 
and components 


Where pressures or temperatures reach unusual extremes and 
vibration may be severe, take no chances—insist on AVICA pipe 
assemblies and components. Tested and proved by 20 years of 
service and used by the U.K.A.E.A. and throughout the nuclear 
engineering field, AVICA products are renowned for absolute 
dependability. Any problem of piping design or installation 

can safely be entrusted to Avica engineers. 











RIGID TUBE COUPLINGS 


With mechanically attached 
V Flange or bolted flange 
connections. No welding. 

No brazing. Leak-proof. 
Pressure tight. Will withstand 
extremes of temperature 

and vibration. 


SYNTHETIC RUBBER 
FLEXIBLE PIPE ASSEMBLIES 


Used to carry petrol, oil, air, 
steam, hydraulic fluids, for 
machine tools, hydraulic 
presses, mining equipment, 
at pressures up to 3,000 Pp.s.i. 
Size range 4. °—2”. 
Temperature range 

-40°C to 160°C. 

















SWIVEL PIPE COUPLINGS 


To provide rotary or angular 
movement in rigid or flexible 
pipe systems. In pipe sizes 
up to 1” for pressures up 

to 4,000 Pp.s.i. 


Illustrated leaflets describing the full range of AVICA products are 
available on request. Please write for those that interest you. 





- 


SUPPORT CLAMPS 


To hold piping and electrical 
cables. The rubber cushion 
absorbs vibration, can be 
renewed when worn or 
perished. 











IGNITION HARNESS 


Electrical wiring protected 
by rigid or flexible conduit 
from heat, oil, moisture 
and vibration. 








AVICA EQUIPMENT LIMITED 
MARK ROAD, HEMEL HEMPSTEAD, HERTS 


Telephone: Boxmoor 4711 Cables: Avica Hemel Hempstead. 
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*Drop Forgings 
are 
Stronger 
and 
Tougher 
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The know-how needed to produce drop forgings 
to your requirements is dependent on experience 
backed by modern Technical resources. 


If your needs are drop forgings* in special alloy, 
heat and creep-resisting steels or in special 
non-ferrous alloys, you’ll solve many problems 
by consulting . . 


FIRTH DERTHON 


SHR EFPPIELD &@ BARLEY DALE 





A 16mm. Colour Film with sound 
commentary, entitled ‘*‘ Drop Forgings 
in Alloy Steels,” is available on request. 











THE FIRTH-DERIHON STAMPINGS LIMITED, SHEFFIELD. 
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low pressure 


butterfly 
valves 










e DROPTIGHT © COMPACT 
e LOW COST 
e NON-JAMMING 


e SEALING BY 
AUTOMATIC INFLATION 


The reliability of this patentéd method of 
sealing has been proved in hydro-electric 
installations—after 25 years of service at 
heads up to 500 ft the original seals were stili 


Tlaelan 


Low Pressure Butterfly Valves suitable for gases and fluids— 
including sea water. Vertical or horizontal mounting. Hand or 
power operated. Range 36 to 120 inches. Larger sizes to order. 


Yyy STAINLESS Around the periphery of the valve blade is the expanding seal. 
Uy YY py STEEL SEAT With the valve closed the inside of the seal is subject to pipe-line 
peo 


¢ / A /h fp ¢ 

\ 4 Wee KK pressure. ‘This pressure balances external pressure and prevents 
N 

hKQJE_ seal from collapsing away from the seating. 





PIPELINE 
: PRESSURE 
QQ. TO SEAL 


Boving 


& COMPANY LIMITED 










WATER POWER ENGINEERS 
56 KINGSWAY LONDON W.C.2 











P1554 
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Bristol Siddeley 
provide a comprehensive 


range of high precision 


~ el 
AS ." 


recirculating ball and lead 


Tax 
{> ~ eveRe 


screws and splines for 


144 ddd 
A\\\\\\\ te 


universal applications. 


TULL IIL) 











HIGH EFFICIENCY 
BACK-LASH ELIMINATION 
LONG LIFE 


LOW MAINTENANCE FACTOR 


Up to 80% reduction in power can be achieved for 
actuation compared with conventional methods. 
Ability to run at high temperatures with and 
without lubrication. 

Over 2,700 applications already established in all 
fields of engineering. 

Complete technical and manufacturing co-operation 
with Beaver Precision Products Inc., Detroit. 


BRISTOL SIDDELEY ENGINES LIMITED 
COVENTRY - ENGLAND 
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Mo; -by-month, the record grows: 
A total of 19 major atomic reactor projects around the world is the record established thus 
far by American Machine & Foundry Company. But as the world’s 


N ) WwW leading designer, developer and manufacturer of research and train- 
ing reactors, AMF is constantly engaged in many other phases of 
atomic energy: 

* AMF has designed, developed and built refueling equipment for 

sodium-cooled atomic power plants for submarines. 

* AMF, under a continuing development program, designs control, 

maintenance and fuel handling equipment for the Enrico Fermi Fast 
Breeder Reactor. 

*& AMF continues to lead in the development of reactor control-rod 
drives, remote handling equipment and other specialized nuclear 
components. 

ie AMF designs, develops and fabricates fuel elements for various 
type reactors. 

For a complete reactor facility . . . for specialized control and handling 
equipment...for authoritative assistance at any stage of your atomic energy 
program ... AMF IS THE COMPANY WITH THE EXPERIENCE 
AND THE UNMATCHED RECORD OF ACCOMPLISHMENT! 











*Now in operation 


AUSTRIA—Austrian Study Group of Atomic Energy, Vienna PORTUGAL—Portuguese Atomic Energy Commission, Lisbon 
CANADA—McMaster University, Hamilton, Ontario* PUERTO RICO — — Energy Commission, University of Puerto 
GERMANY—T echnical University of Munich, Munich* a 


UNITED STATES —Battelle Memorial Institute, Columbus, Ohio* 


GREECE—Greek Atomic Energy Commission, Aghia Paraskevi Industrial Reactor Laboratories, Inc., Plainsboro, 


iRAN—University of Teheran, Teheran New Jersey* : 

: er oe Union Carbide Nuclear Company, Sterling Forest, 
ISRAEL —Israeli Atomic Energy Commission, Rehovoth New York 
ITALY—Societa Ricerche Impianti Nucleari, Milan University of Buffalo, Buffalo, New York 


University of California at Los Angeles, Los Angeles 
University of Florida, Gainesville, Florida 
NETHERLANDS—International Exhibition, Het Atoom, Amsterdam* University of Washington, Seattle, Washington 


a? 
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JAPAN—Japanese Atomic Energy Research Institute, Tokai-Mura 


- ateeante 


 iaeetsiiei Minin & FOUNDRY Connany’ , 
AMF Building + 261 Madison Avenue’ New York 16, N. Y., U.S.A. 
arom ieecerinne subsidiaries and. saleg | officees. LONDON “GENEVA « * BOLOGNA + 0. PAULO + + TOKYO 4 


* 
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Special Applications 


Since the early days at Harwell, Whartons have been prominent in 
the design and development of special-purpose cranes to meet new 
requirements in the atomic energy and allied fields, both in the 
United Kingdom and abroad. 

If your handling problem is unusual please give us the opportunity of 
discussing your requirements. Our Technical Staff is available to visit 
you at any time in an advisory capacity. 


WHARTON 3. 





REDDISH STOCKPORT ENGLAND 


Phone : Heaton Moor 2227 Grams : * Gallant, Manchester."’ Code : Western Union. 


Gordon Russe td.. 1661 West Fifth A 
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P.O. Box 5662. 34 Ame gy naenbere Phone. 44-2168 Grom: Ganweg 
REPRESENTED IN PRINCIPAL COUNTRIES THROUGHOUT THE WORLD 
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” FRAMEWORK 
OF INDUSTRY 
built in steel 








—_ 
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WRIGHT, ANDERSON 


& CO. LTD. 
CONSTRUCTIONAL ENGINEERS & BRIDGE BUILDERS 
G.P.O. BOX 2, GATESHEAD, CO. DURHAM 


Tel: Gateshead 72246 (3 lines) - Grams: “Construct Gateshead 
London Office: REGENT HOUSE, KINGSWAY, W.C.2 . Tel: Holborn 9811 


Contractors to H.M. Government Departments, Central Electricity Generating Board, National Coal Board 
| 


Atomic Energy Authority and Crown Agents for Overseas Governments and Administrations 


ny 
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MINIATURE 

MICRO 
SWITCHES | ee 
ACTUATORS, 
= ‘@ ‘ 








PLEASE P -—.. BURGESS 
ASK FOR == AE PRODUCTS 


MORE DETAILS : = bye ) ~~ ~+COMPANY LTD 


MICRO SWITCH DIVISION 

Dukes Way, Team Valley, Gateshead 1! 
Telephone. Low Fell 75322 (3 lines) Telex: 53-229 
Lonaon Office: 127 Victoria Street, S W.1 
Telephone: TATE Gallery 0251 (3 lines) 


There are many other Miniature Micro I 
Switches and Actuators besides the few 
illustrated here. Ali have the famous 
BURGESS long-life mechanism. 
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Some recent developments in manufacturing techniques 


and special applications of tubes in a variety of metals... 





No.4 OF A SERIES BY ACCLES & POLLOCK 


A stainless steel tube with ex- 
ternal and internal ribs. The 
tube body is 1.650” 0/d x .060” 
thick; the ribs are .093” high x 
-125” wide. 


A square section tube in mild 
steel .25” A/F with two asym- 
metrical bores each .0625” 
diameter. 








Multibore tube with 19 holes. 
The outside diameter of the large 
tube is .447” and the smaller 
tubes are .053° o/d. 








Designers have a habit of asking for the impossible, but 
in a surprising number of cases Accles & Pollock produce A\ ] AZ 
an answer that enables the production people to translate 616 es 

the concept on the drawing-board into a physical, 
functional form. Accles & Pollock welcome all such ime) a ele) -< 


opportunities to co-operate in developing new applica- 
tions in the form of tubes and tubular sections. 


Accles & Pollock Limited - Oldbury - Birmingham - a@ Company 
Makers and manipulators of COLD DRAWN SEAMLESS and WELDED PRECISION TUBES in carbon and alloy steels, 


including stainless steel, and other metals 


tTaw/218 
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Nuclear Fabrications 


equipment for CLASS | weld dressing 


SPECIALLY DEVELOPED $.22 AND S.32 AIR GUNS 
TUNGSTEN CARBIDE OF HIGH POWER FOR 
ROTARY CUTTERS OPTIMUM PERFORMANCE 
FOR SPEEDS $.32 HAS SIDE EXHAUST 
UP TO 100,000 WILL NOT COOL HOT WELDS 
R.P.M. 









XM ‘ 


- Merrcaflex The S.23 


The H.16 
PNEUMATIC, 
COMPLETE RANGE OF HIGH POWER, 


PNEUMATIC HAMMERS CONTROLLED SPEED, 
FOR DE-SCALING WELDS KNOT WHEEL BRUSHING TOOL 














j 














B. 0. MORRIS LTD., BRITON ROAD, COVENTRY 


Telephone 53333 (PBX) 
WILL BE GLAD TO ADVISE 


THE MODERN TECHNIQUE 
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BRISTOL SIDDELEY ENGINES LIMITED 


NUCLEAR POWER September 1959 


HAVE DESIGNED A RANGE 
OF GAS BEARING 
COMPRESSORS CAPABLE OF 
HANDLING GASES 
UP TO... 

2,000 psi and 700°C 


with input powers up to 2,000 hp 
They have many advantages 


They are: 

Freefrom lubricantcontamination 
Totally enclosed, needing no me- 
chanical seals 

Practically maintenance-free 
Capable of operating over a 
wide range of temperatures and 
pressures 
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STEELS ENGINEERING 
St) INSTALLATIONS LTD., sunderiana, 


and their Associates ARCHIBALD LOW & SONS LTD., Glasgow. 
HOME & OVERSEAS SALES OFFICE: 143 Sloane St., S$.W.1. 
Tel: Sloane 6178 
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make sure that 
YOUR 


pipe fabrication 
problem 

is in the right 
hands 





Using only materials 

of the highest quality, and 
working to the finest 
degrees of accuracy—STEELS 
are constructing Pipe 
Installations covering every 
possible function and 
dimension. Fabrication 
techniques embody all new 
and established methods 

of manipulation, welding, 
flanging and screwing, 

and are backed by the most 
modern and comprehensive 
metallurgical and testing 
laboratory facilities. 


Mild Steels, Carbon Molybdenum 
and Chromium Molybdenum 
Steels. Stainless Steels 
(austenitic and heat resisting). 
Cast Iron. Copper and Copper 
Alloys, Aluminium and 
Aluminium Alloys. Plastics. 


Fabricated to British 
and American standards. 
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HOPKINSONS’ VALVES 










ROME 
e oS 
f 60 in, bore “Tansphere” valve 
' specially prepared for transport 





e 
NAPLES 





For Britain’s first overseas contract 





for nuclear power stations at 


LATINA 







Hopkinsons’ ‘“‘Tansphere” butterfly valves 
for gas-tight isolation duties between the 
reactor and steam generating plant are on 
order for the Latina Nuclear Power Station, 
Italy. 


Hopkinsons’ Valves and/or Boiler Mountings 
have already been supplied or are on order, 
for British Nuclear Power installations at 


CALDER HALL - CHAPELCROSS - DOUNREAY 
HUNTERSTON - BRADWELL - BERKELEY 
HINKLEY POINT AND TRAWSFYNYDD 


HUDDERSFIELD 


LONDON GEFrICe&: 3 4 NORFOLK Sa R ESF 





HVII9 
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Get to grips with elegant, practical 


Imhof handles 





. and add the final distinctive touch to 
your product. There’s an Imhof handle for 
virtually every job, and delivery can be 
made in days from large stocks. Handles 
are only a part of Imhofs service to designers 
and manufacturers. You can buy strong, 
beautifully designed and finished cases, 
raks and consoles in exactly the same way 
—from a standard range. Write for free 
comprehensive catalogue. 


ALFRED IMHOF LIMITED,NS. 
Ashley Works, Cowley Mill Road, Uxbridge, 
Middlesex. Tel: Uxbridge 

Export and London Showrooms: 

8 194 10a 232 16 20a Je 2b 2 wa 2% ta 38, /12-116 New Oxford Street, W.C.1. 
Tel: Museum 7878. 





IMHOFS AGENTS OVERSEAS 





AUSTRALIA Aladdin Industries (Pty) Ltd, ITALY Prodel SPA, Milan 
Stanmore, N.S.W. NEW ZEALAND Imarex Ltd, Auckland C3 

BELGIUM) Rogelec, Ghent NORWAY Birger Christensen, Oslo 
CANADA Measurement Engineering Lid, Arnprior SWEDEN Elektronlund AB, Malmo C 
DENMARK Tage Schouboe, Copenhagen N SWITZERLAND Walter Blum, Zurich 2/39 
FINLAND Oy Scienta Ab, Helsinki U.S.A. Bud Radio Inc, Cleveland 3, Ohio 

have a handle for your product GERMANY Sunvic Regler GMBH, Solingen BRIT. GUIANA Davsons Caribbean Agencies 
HOLLAND J.Th. van Reijsen, Delft Lid, Georgetown 
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Trawsfynydd 


NUCLEAR POWER STATION 





This impression of Trawsfynydd Nuclear Power Station by Mr. Basil Spence a.r.a., President 
R.1.B.A., Consultant Architect to Nuclear Civil Constructors, shows how the design blends into the 
landscape of Snowdonia. 









ATOMIC POWER CONSTRUCTIONS LIMITED are responsible 

for the design and construction of this 500 MW station for the Central Elec- 

tricity Generating Board. 

As a member company of A PC International Combustion Ltd. will supply 
Twelve heat exchangers Steam conditions at the turbine 


The heat exchangers each have a 


heat rating of 150 MW 


The main and recirculation CO2 gas ducting stop valve -— 
The biological shield cooling system 


The design of the heat exchangers is based on the same practical research H.P. steam ..... 927 p.s.ng. 717°F 


into methods of manufacture and operational performance as 1s applied to L.P. steam .... 290 p.s.1.g. 685 F 
the many conventional fuel fired boiler units for which IC are responsible to Secam flow ratio H.P. 65% 
the Central Electricity Generating Board. L.P 35° 

7. o 











INTERNATIONAL COMBUSTION LIMITED 


0 


NINETEEN WOBURN PLACE, LONDON W.C.1., WORKS. DERBY 





TGAG 121A 
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STAINLESS STEEL 
FABRICATIONS | 


UKAEA CLASS C APPROVED 





Pressure Vessels of all classes. 





Vessels for Storage and Transport. 
Condensers and Heat-Exchangers. 

Pipe work and Pipe fittings. 
Laboratory Equipment and Holloware. 


Ducting and other stainless steel sheet 
metal work. 


+ + + + HF FH 


X-ray weld inspection 


We are specialists in the manufacture of 
Stainless Steel Products, and consequently 
ee a have gained an exceptional knowledge of 
tion Vessel. Designed this material, and the working of it. Our 
es at aa oe staff are skilled in design of equipment in 
sq. inch. this metal, and our workpeople in_ its 
manipulation. You could therefore, place 

your requirements in no better hands. 





We have at our disposal a large machin- a 
ing and fabricating capacity, and are able 
to handle all types of fabrication up to 7 
tons weight. 


T THE TAYLOR RUSTLESS 
FITTINGS Co. Ltd. 
R }- Head Office: Ring Rd., Lower Wortley, Leeds, 12. Tel: 638711. PBX 
London Office: 14 Great Peter Street, London, S.W.1 
Tel: Abbey 1575 
XY a 
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Theres no excuse for 
CORROSION 


Many thousands of tons of steel are lost 

















through corrosion every year and much of 
this can be saved. There is a remedy. 
** Superlative’? Metal Primer provides a 
positive protection against corrosion for all 
ferrous metals. It is quicker and easier to 
apply than conventional Lead Coatings and 
is infinitely cheaper. But, as efficiency is the 
factor that matters, and ‘‘Superlative’’ is so 
economical and so effective, it pays to specify 


A c 


kiko CORROSION 
AT THE SOURCE 














Our Techniservice will gladly answer all enquiries. 


sx BRITISH PAINTS LIMITED 





Bode Soe Portland Road, Newcastle upon Tyne, 2. By APPOINTMENT TO 
SZ, oS : ; HER MAJESTY QUEEN ELIZABETH 11 
“EMS Northumberland Hovse, 303/306 High Holborn, London, W.C.1. 31 Wapping, Liverpool, 1. MAMRACRORS OF PaR 


BELFAST * BIRMINGHAM * BRISTOL * CARDIFF * GLASGOW * LEEDS * MANCHESTER* NORWICH * PLYMOUTH 
SHEFFIELD: SOUTHAMPTON * SWANSEA AND ALL PRINCIPAL TOWNS 
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Cos : 
Scintiple tors in 5 forms 


Scintillators in five forms are now available 


from Nash and Thompson Ltd. 


CRYSTALS 
Anthracene, Stilbene, Diphenylacetylene, in 


y discs and cylinders. 


PLASTICS 


<i N.11 and N.11-X-ray, high sensitivity, high trans- 
mission polyviny! toluene based. 
Ready made, sealed in glass containers to your 
a specification, or as scintipaks. 
CS 


7 SCINTIPAKS 


Accurately mixed dry constituents sealed in polythene 
envelopes, ready for dissolving in a suitable solvent 
— as required. 


POWDERS 


Scintillation purity chemicals for crystal growing 
experiments, and the manufacture of special 


scintillators. 


Write or telephone for full information to 


Nash and Thompson... 


OAKCROFT ROAD * CHESSINGTON * SURREY * ENGLAND 


ELMBRIDGE 5252 
WHG/NT64 
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Versatile design of Organic Power Reactor permits wide variety of fuel elements. 


How do you guarantee an atom? 


Begin with the knowledge of experienced scientists... 
conduct a seven-year research and development program 

.collect a wealth of solid operating experience. Result: 
GUARANTEED PERFORMANCE of a nuclear power reactor, 
designed by Atomics International to help meet the world’s 
power needs. 

This is the Orcanic Power REAcToR—outgrowth of 
research and development on the organic system and opera- 
tion of the Organic Moderated Reactor Experiment (OMRE) 
conducted by Atomics International for the U.S. Atomic 
Energy Commission. 


Outstanding advantages of the ORGANIC POWER 


REACTOR: Low capital investment * Low cost opera- 


OP: 


wo, 


tion * High inherent safety and flexibility + Reliability 
resulting from 

+ Non-corrosive moderator coolant * Low pressure system 

- Conventional, off-the-shelf components and materials 

* Easy access during operation 


Atomics International is ready to furnish complete 
Orcanic REACTOR electric power plants, including fuel 
elements, in a wide range of power levels. An experienced 
field staff will assist with initial plant operation, personnel 
training and maintenance procedures. 

For details contact: ATOMICS INTERNATIONAL, Canoga 
Park, California, U.S.A. Cable address: ATOMICS. 


ATOMICS INTERNATIONAL 


A DIVISION OF NORTH AMERICAN AVIATION, INC. 
PIONEERS IN THE CREATIVE USE OF THE ATOM 


Other offices in: Washington, D.C., U.S.A.; Geneva, Switzerland, Affiliated with: INTERATOM, Bensberg/Cologne, Federal Republic of Germany 
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precision in pressure measurement 


NOW AVAILABLE— 


GENERAL-PURPOSE PRESSURE TRANSDUCER —TYPE NT. 4-313 


FLUSH DIAPHRAGM 

STAINLESS STEEL CASE 
MINIATURIZED—5/8’ DIAMETER 
LINEARITY & HYSTERESIS 0.75% 
INSENSITIVE TO ENVIRONMENT 
INDIVIDUALLY CALIBRATED 


Write now for details of this new 
range of Solartron Transducers 


cs \ 


[ 4 N 
’ . “4 ‘ oa \ ~ f 
SOLARTRON 
. 7%. a ) 


THE SOLARTRON ELECTRONIC GROUP LTD., 
Transducer Division, Thames Ditton, Surrey 

Tel: EMBerbrook 5522 Cables: SOLARTRON, Thames Ditton 
International Telex: 23842 Solartron T.Dit. 
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BRIEF SPECIFICATION 


OUTPUT: Nominal 20 mV at 5V, DC 
or AC r.m.s. (0-20 Ke/s) 
excitation. 

STANDARD 0-100 p.s.i. to 0-5,000 p.s.i. 


PRESSURE RANGES: gauge or absolute. 
Lower and higher ranges 
available on special order. 


COMPENSATED Temperature compensated 

RANGE: —65°F. (— 55°C.) to 
250°F. (+ 110°C.) 

ZERO SHIFT: Not greater than 0.01% 
full output per °F. 

LINEARITY & Less than 0.75% full output 

HYSTERESIS: up to 2,500 p.s.i.g. + 1.0% 
full output above 2,500 
p.s.i.g. 

DIMENSIONS: §” (15 mm) nominal dia- 
meter, 1” (26 mm) nominal 
length. 


Manufactured under exclusive licence from C.E.C., CALIF., U.S.A. 
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VANCED TECHNIQUES 
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qi) ASHMORE, BENSON, PEASE & COMPANY 


\ 
> AWW AUSTRALIA CANADA : INDIA : FRANCE : SOUTH Ye, a Oe | 
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Structural 





Elements for 
Nuclear 


Reactors 


can only be manufactured in most up-to-date finishing plants, in which quality of 
the material and precision of workmanship combined with wide experience 
guarantee maximum safety of our products. These prerequisites are largely fulfilled 
by Phoenix-Rheinrohr. Sufficient proof of this are our achievements in the field of 
thick plates in standard and clad execution. 































In our plants we manufacture and deform clad plates up to total 


thicknesses of 250 mm. 


For nuclear energy plants we supply: 


Heavy plates made of carbon and alloyed steels in 
wall thicknesses between 5-250 mm 

Plates made of high alloy steels, from 1 mm thickness 
Clad medium and heavy plates up toa total thickness 
of 250 mm 

The following products made ofnormaland clad plates: 
Reactor pressure vessels, thick-walled containers 
Cylindrical shells 

Pressed heads 

Segments for large heads and spherical containers 
Other containers 

Moreover: 

Seamless steel tubes made of high temperature, 
corrosion resistant and unalloyed steels 

Welded small-size and big-size tubes made of 
unalloyed and alloyed steels 

Heat exchangers, tubular coils, pipelines 

Tubular bends, fittings and flanges, alloyed and 
unalloyed 

Sectional steel made of unalloyed, alloyed and special 
steels 






PHOENIX-RHEINROHR AG 


VEREINIGTE HOTTEN- UND ROHRENWERKE DUSSELDORF GERMANY 





66 Tick No 66 on reply card for further details NUCLEAR POWER September 1959 








SELF-SEALING 
COUPLINGS OF 
BAYONET OR 

SCREW TYPES FR spe 


These couplings have been supplied for some considerable time in the }” - }” range. 






















for use with Helium, Heavy Water, etc. and they can be supplied 
in stainless steel for high temperature conditions up to +180°C. 
They are completely hermetically self-sealing when disconnected 


but automatically provide a clear passageway when re-coupled. 





They are made in a range of sizes from 4” to §” bore. 


Our Technical Staff are always ready to discuss your problems. 


Lockheed-Avery coupling in the ?’ size. 
Other variations are also available. 





C= 


One of the 
Automotive 
Products 
Group 








(REGD. TRADE MARK) 
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AVERY DIVISION, LOCKHEED PRECISION PRODUCTS LIMITED 
SHAW ROAD, SPEKE, LIVERPOOL, 24 Telephone: Hunts Cross 2/2! Telegrams: Lockheed Liverpool 24 








... for your 


Temperature Measurement; 
CETIET IETS within 025°, accuracy]. a a a 


, Indication on circular scale indicators from 4” to 32” diameter 
For use with thermocouples at temperatures from below 100 ¢ 
to above 1600°C. Accuracy, as high as 0-25%,, is unaffected by 
the length of cable between the Indicator and the thermocouple. 
Multi-point version, with automatic correction for varying 
lengths of cable to the measuring points and with robust 5 MA 
meter movement cost less than £5 a point for 24 points or more 
Also Indicators and Indicator/Controllers for use with resist- 
ance elements between —200° and +850°C and with tempera- 
ture spans as short as 15°C. 

For further information, write for publications CAP.1/NP 
CAP.5/NP 209/NP and price lists. 


a BATE «single & 4 point |. . 6 6 © « 


Recorders with a chart diameter of 11” and standard speeds of 
1, 12 or 24 hours or 7 days. For temperatures from —200° to 
+850°C and spans as short as 15°C using platinum resistance 
elements. Accuracies as high as 0-5°%, of the range span, with 
transmission up to 250 yds. or more if required. 

Indicating and/or electrical or pneumatic controlling facilities 
can be included. 

Also Recorders with a generally similar specification and faci- 
lities, for use with thermocouples from below 100°C to above 
1600°C., 

Write for publications 209/NP, CAP.1/NP, 200/NP and price lists 


RRS towithnoic |], |. |. . , 


Temperature Controllers with differentials down to 0-1°C o1 
0-1°% of the range span, with temperature spans as low as 
10 C or 20°C within the range —200°C to +850°C. Platinum 
measuring elements and Controllers can be 250 yds. or more 
apart if required. 

Electrical 5 amp 250 volt control contacts, or pneumatic on/ ofl 
control. 

Thousands of Fielden Temperature Controllers are now in 
use. Also, completely TRANSISTORISED, differential tem 
perature and flameproof models. 

Write for publications 219/NP, BIK.1/NP and price lists 


MEXTUTIOTME up to 140 points], , . , , 


[he temperature at each of up to 140 points automatically 
checked every 5 or 15 minutes. Differing * set” temperatures 
and tolerances at each point can be accommodated. 

Visual or aural alarm if any point(s) is outside preset tolerance 
band. 

We shall be very pleased to quote against your specific require 
ments. 

Write for Temperature Measurement Brochure TB/NP to 






































Indicating 
Rants Recording 
EN , ‘ 
1ELD LECTRONICS Lip WYTHENSHAWE MANCHESTER * Phone: Wythenshawe 3251 (4 lines) Grams: Humidity Manchester 
ALSO A RA z 
USTRALIA ITALY CANADA Branch Offices: LONDON, WALSALL, STOCKTON-ON-TEES AND EDINBURGH Control 
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Progress by this Group, designers and builders of the world’s first 
500 MW atomic power station, is being made not only at Hinkley Point 
but also for export. For stations of similar type for 


construction overseas, detailed design studies have been completed 
for outputs of 150 MW and 250 MW. 


TES BCLUieee Wer\inil: 
ELECTRIC @ & WILCOX W WOODROW 


THE ENGLISH ELECTRIC COMPANY BABCOCK & WILCOX LIMITED TAYLOR WOODROW CONSTRUCTION ( 
Limited, Marconi House, Strand, London, W.C.2 Babcock House, Euston Road, London, N.W.1 Limited, London 
GA. 4 
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Some of the 
Creep Testing 
Machines used in 
our Research 
Department. 






SPECIAL STEELS 
FOR SPECIAL JOBS! 





fete ™ = 


re 


BEARCOMO 


The making of high-grade steel for a diversity of uses—mechanical, structural and scientific— 
© has placed Consett Iron Company Limited in the front rank of the country’s steel producers. 
The new demands of Industry have brought about the birth of special steels—steels in which 
widely incompatible requirements have been met and reconciled ... such is ** BEARCOMO” 
a special steel we developed scientifically for use in the nuclear reactor shell at Bradwell . . . 
and now for the nuclear power station reactor at Latina in Italy. 
The requirements of nuclear reactors are stringent in the extreme: but the steel we made was 
put into service with the confidence born of long and continuous exacting Laboratory testing. 
**BEARCOMO ” is one of our patented steels—but it is only one of our wide range of special 
steels for special jobs. Our booklet “* Steels for the Job” just published at Consett, describes 
them in some detail. Perhaps you would like to write for a copy. 


eel Our technical and research departments will also welcome enquiries from anyone whose 
problem is... STEEL. 


CONSETT IRON COMPANY LIMITED 


CONSETT, COUNTY DURHAM. Telephone: Consett 34! (12 lines). Telegrams: Steel, Phone, Consett. 
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okes now offer flame-proof 
ABSOLUTE’ filter panels 


which fully meet U.S. Atomic Energy Commission, Bulletin 80 28/7/58 
and current requirements. 



















Vokes filters are playing an important part in the vast 
programme of nuclear development both in the 
United Kingdom and many overseas countries. A 
vital contribution was the introduction of the Vokes 55 
‘Absolute’ filter range which deals with dangerous 
dust particles in the 0.1 to 0.5 micron range and has a 
methylene blue dust cloud test efficiency in excess of 
99.95% ... a contribution still further increased 
by the addition of ‘Absolute’ types for applica- 
tions where flame-proof construction is required. 
High Temperature panels are also available for use 
where operating temperatures as high as 1,000°F. 


are prevalent. 


and remember...... 


Initial efficiency of 99.95% against a 
standard methylene blue test cloud 
in the 0.1 to 0.§ micron range is 
guaranteed. Efficiency rises with use. 
Every Vokes ‘Absolute’ filter is fully 
and individually tested before despatch 
and is unreservedly guaranteed. 

Our engineers will be glad to give you 
full details of the Vokes flame-proof 
and high temperature ‘Absolute’ filters 
and to discuss your particular problem 
with you, in order to ensure maximum 
safety operation. 


VOKES LIMITED - GUILDFORD - SURREY 


Tel: Guildford 62861 (6 lines) 
Grams. & Cables: Vokesacess, Guildford. Telex. 
Telex : 13-535 Vokesacess, Gfd. 


VOKES AUSTRALIA PTY. LIMITED, SYDNEY REPRESENTED THROUGHOUT THE WORLD 
vso2 
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A NEW 
NUCLEAR 


VALVE 
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Please write for full 
particulars. 







NEWMAN-VELAN 





Mk BONNETLESS 
nf ) FORGED 

og es a S| | STAINLESS STEEL 
Positive &: VALVES 


shut off for all 
liquids and toxic gases 


These NEWMAN-VELAN valves embody a bell- All internal bores are machined and reamed to 
ows seal assembly welded to the valve to completely seal 10 micro finish and are then seam welded. Ail the 
against outside atmosphere. Specially developed for seating faces are Stellited. 


nuclear application, they have a finer grain and greater Multi-ply seamless bellows will give a life of some 


corrosion resistance. one million cycles. 


NEWMAN, HENDER & CO., LTD. 


WOODCHESTER. 
Telephone: Nailsworth 360. Telex : 4375. STROUD, GLOS. 
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RCA photomultiplier tubes are capable of operating with extremely low noise output 
and low dark current, together with electrical stability and mechanical sturdiness. 
Included in the range now available are types with very fast time resolution. 

If you have an application for photomultiplier tubes in the fields of nuclear radiation 
instrumentation, astrophysics or low-level light detection consult the range that RCA 
can offer. 


For technical data write to : 


RCA GREAT BRITAIN LTD. 


| NS ENGINEERING PRODUCT SALES DEPT. N.P.6. LINCOLN WAY, SUNBURY ON THAMES, MIDDLESEX. ’ Phone: Sunbury on Thames 3101 
9 
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ALL OF THESE TO 
B.S. & A.S.T.M. 


: ‘SPECIFICATIONS 
HIGHEST \ 


e157 Nae 
CASTINGS 


All of which can be 
machined in our modern 
machine shops 


LAKE & ELLIOT, LTD. 


BRAINTREE 1491 










ANGLO- 
SWEDISH &: 


ELECTRIC WELDING CO. LTD 


FOR FIRST CLASS WELDING 
UNDER THE STRICTEST SUPERVISION 


We have ample facilities for handling top-grade welding repairs 
to boilers, castings, machine parts, etc.—with expert technicians for 
Fabrication work, Structural Steel work, Tank construction and 
Electric Stud Welding. Let us send you this descriptive colour brochure. 








For immediate service contact us NOW— 


ANGLO-SWEDISH ELECTRIC WELDING CO LTD 
WOOD WHARF ° GREENWICH « LONDON SE 10 


Telephone: GREENWICH 2024-5 


NEWCASTLE « LIVERPOOL 
GLASGOW « LEITH * LONDON 
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Structural Material 
With More in-Pile Experience Than any Other Graphite or Other Moderator 


In The World 





From the time of its initial use in 1942 in the world’s first atomic 
reactor, Union Carsine Nuclear Graphite has been the preferred 
moderator and reflector material. Today, with the demand for higher 
operating temperatures to provide increased thermal efficiencies, UNION 
Carsipe Nuclear Graphite offers even greater advantages because of 
its unusual high temperature properties. 

This outstanding structural material has become the favorite of the 
nuclear industry because of—its low atomic weight—its extremely high 
purity—its ability to gain strength with rising temperatures and its 
easy machinability. 

No other material has as many useful Nuclear Properties as UNION 
Carsipe Nuclear Graphite—Properties attested to by sixteen years in 
the Graphite Reactor, X-10, operated by Union Carsipe at the Oak 
Ridge National Laboratory for the United States Atomic Energy 
Commission. 

Whatever your needs—extreme purity, unusual shapes or sizes, high 
or low density, write to the leader in nuclear graphite, Union Carbide 
International Company, Division of Union Carbide Corporation, 30 
East 42nd Street, New York 17, New York, U.S.A., Cable Address: 
Unicarsipe, New York, or contact the company listed below which is 
nearest you. 











Graphite Reflector For a Test Reactor 


natched as a Moderator, Reflector and 








Properties of UNION CARBIDE Nuclear Graphite 





AGOT TSF 
Graphite Graphite 





Atomic Weight 








12.011 12.011 



































Density g/cm? - ‘£70. “170 
Microscopic absorption cross section 

(millibarns)* 4.50 3.95 
Microscopic scattering cross section 

(barns) 5.09 5.09 
Macroscopic absorption cross 

section (cm-' x 10-5) 38.30 33.67 
Macroscopic scattering cross section 

(cm-") 0.432 0.432 
Average logarithmic energy decrement 

per collision 0.158 0.158 
SLOWING DOWN POWER 0.0684 0.0684 
MODERATING RATIO 177.5 203 
REFLECTING RATIO 1125 1285 
DIFFUSION LENGTH 49 52 








*at 2200 meters/sec. 


Table shows excellent nuclear properties of UNION 
CARBIDE Nuclear Graphite. In addition, it is a structural 
material with superior high temperature properties. 





EUROPE 
Union Carbide Europa S.A. 
40 rue du Rhone 
Geneva, Switzerland 


The term Union Carsive is a trade mark of Union Carbide Corporation. 
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Write today for New 8 Page Brochure NNP-9, “UNION CARBIDE Nuclear Graphite” 


a 


75 











zener zener zener reverse power 
voltage current impe- current) dissipa- 














Vz Iz dance Lib tion typical 
type al Zz a —l0V| P(max) temp. 
(max) 25°C |Ts—50C coef- 
al ficient 
volts mA ohms uA watts °,/C 
issol = -2 150 4 10 n 0.08 
1s502 24 150 4 10 8 0.08 
1s503 27 150 4 10 8 0.08 
1s504 30 150 5 10 ~ 0.08 
TEXAS SILICON IssoS33s«50 5 10 8 0.08 | 
18506 36 150 a 10 . 0.09 | 
1ss07 -39—Ss«S0 6 10 8 0.09 | 
1s508 80 43 100 7 10 & 0.09 
VOLTAGE a a rr ee 
isst0.—s SI 100 10 10 8 0.10 | Size 
ISsSil = 56 100 i 10 8 0.10 
R bE G U L AT O R SS Issi12 62 504 10 8 0.10 
S513 68 50 16 10 K 0.10 
issi4. 75 50 24 10 8 O11 | 
ISs5IS = 82 50 26 10 8 0.11 
issi6 9 50 40 10 8 0.12 
8 WATTS 
22 to 91 VOLTS ; iit 
2 a 
Oo 
ACCURACY 5% " 


OPERATING TEMPERATURE 
—65'C to +150°C SHUNT REGULATED POWER SUPPLY 


Output current ‘ 50 to 200 mA. Ripple 10 mV. Total Regulation ‘for input and ou'p 
ur 
Available also as double anode clipper ? 


variations) 10 


This new range of Texas Silicon Voltage Regulators 
covers zener voltages from 22 to 91 Volts in 16 steps pW, t 
of approximately 10°,. 

Performance data and some typical applications are 
shown on the right. 


If your name is already on our Mailing List, the data 
sheet is now being mailed to you. If you are not on 
our List, and would like to receive details, please . , Sener, aoaee 
write your name and address in the margin of this 


+-—-4} 


page and return to us. TRANSISTOR SURGE PROTECTION 


TEXAS INSTRUMENTS LIMITED 


TELEPHONE : BEDFORD 68051 DALLAS ROAD BEDFORD CABLES: TEXINLIM BEDFORD 
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Nuclear Power 


S TOE STS CA AS 











PUBLISHERS COLUMN 


Back to normal 


| 
To most readers of magazines the printing 
| dispute has now faded into the more or less 
| distant past. It is beginning to fade for pub- 
lishers too, but more slowly, as the printing 
| industry gets into its stride again. Though 
NUCLEAR POWER was one of the few magazines 
| to continue right through that troubled period, 
the publisher has been too occupied in making 
sure that ‘we always appear’ could continue 
to be the maxim of the firm to find time for a 
Dirt-excluding covers can be supplied publishers column. But things are getting back 
to normal, and one of the most refreshing 
sights to be seen around the building for some 
months was a heated argument between the 
editors of CONTROL and NUCLEAR POWER on 
whether commas or spaces should separate 
groups of three digits in large numbers! 
Most publishers and printers have a uniform 
way of printing abbreviations and mathemati- 
cal symbols and of spelling certain words that 
have recognized alternatives. This is known as 
‘House Style’ or ‘Style of House.” With 
NUCLEAR POWER we have had such a house 
style which has been retained with few changes 
since we started in 1956. When another Rowse 
Muir journal, CONTROL, was started last year, 
it, of course, had its own editor and was 
printed at a different firm. From the start, it 
began to develop along its own lines, with a 
house style becoming in several respects dif- 
ferent from that of NUCLEAR POWER. A few 
months ago it was decided to bring CONTROL 
to the firm that prints NUCLEAR POWER. It then 
became apparent that the house-styles should 
be unified to avoid confusion amongst the 
compositors and the two editors have finally 
found time to get together and hammer out a 
joint style. This was quite a battle with both 
sides having to make concessions. However, 
we have now got it and we hope to have it a 
long time. 
For mathematical abbreviations we decided to 
UNIVERSAL BALL JOINTS stick closely to the British Standards Institu- 
Sturdy, reliable, compact couplings of | tion’s BS: 1991 with two minor exceptions. 
simple design, manufactured from high-grade We were not particularly happy with it but it 
materials, and available with single or double | has been out about five years now and printers 
joints in nine standard sizes. are beginning to become familiar with it. It’s 
| not going to be easy to write mile/h for m.p.h. 


MOLLART ENGINEERING COMPANY LIMITED | oy cov /min for r.p.m, but we'll try. 


of efficient angular drives 


@ A.R.B. approved 
@ 92-98%, efficient—N.P.L. certified 


@ Used by leading engineering companies 
in every industry 





@ For shaft diameters }” to 13” 





A.M. Gauge-Test 
House Authority 
No. 89755 31 





KINGSTON-BY-PASS - SURBITON - SURREY | In connexion with spelling we have always been 
Telephone - Elmbridge 0033-7 Telegrams : Precision Surbiton guided by the Concise Oxford Dictionary, or 
— the COD as it is affectionately known. 
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PUROX’ 


Oxide Refractories 


o} mn dal-mmaliclal-+-)am olelanay, 


Recent development work at Neston has resulted in labora- 


RECRYSTALLISED ALUMINA 99:7" tory ware in these highly refractory materials becoming 


STABILISED ZIRCONIA 97°, available to a greater degree of purity and in a wider range 
of shapes and sizes than has hitherto been possible. 

PURE MAGNESIA 98°5°. ; ae 
These Pure Oxide refractories open up new possibilities in 

IMPERVIOUS THORIA 99°9°. 


high temperature work, whether it is to be done in a 


THORIA 99°9°, laboratory or on an industrial scale. 


MORGAN 


efractories Ltd 


MORGAN REFRACTORIES LIMITED, NESTON, WIRRAL, CHESHIRE. TEL: NESTON 1406 % Registered trade-name applied for. 


N.E 147 4 
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Like our famous contemporaries 


Heckles & Rowlock, we too are often 
misinterpreted. Our lot is even harder, 
however, for we do not manufacture 
straightforward things like tubes. 

We could put it simply (and inadequately) 
by saying that we make the black stuff on 
the walls of your T.V. tube; that we have 
recently produced a conducting ink for 
postage stamps, a silver dispersion for 
the repeater valves of transatlantic 
telephone cables. We could say that 

and still overlook hundreds of other 
important uses for our products. 
Although Dr. E. G. Acheson first 
manufactured colloidal graphite over 

5O years ago, we admit there are still 
too many people who do not know 

about us. This is a pity for we are solving 
problems — electrical, electronic, metal- 
working, nuclear, for instance —in 
industry all over the world. 

Do you understand us better now P 
Probably only a little. 


May we tell you more ? 


Colloids 


Acheson 


LIMITED 
(a subsidiary of Acheson Industries (Europe) Limited) 





P.O. BOX 12 
PRINCE ROCK * PLYMOUTH * DEVON 
Manufacturers of dispersions of colloidal graphite, MoSs, 
silver, glass, vermiculite in suitable carrier liquids including 
oil, water, white spirit, alcohol, toluene. 


ALSO ACHESON COLLOIDS CO., PORT HURON, MICHIGAN, U.S.A. 
& ACHESON COLLOIDEN N.V. SCHEEMDA (GR) NETHERLANDS 
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The Editor welcomes correspondence for publication 


LETTERS TO NUCLEAR POWER 





First principles, not standards 


SIR: I have read with interest the letter on page 69 of 
your August issue from Mr. M. T. C. Wallace. He raises 
an interesting and important point. I would like to com- 
ment briefly on one facet of nuclear engineering particu- 
larly appropriate to Mr. Wallace’s reference to ‘ boiler 
engineering.’ British Standards are intended to represent 
good current practice; in the field of boilers and pressure 
vessels the insurance organizations also publish rules 
which have the force of standards. These organizations 
must obviously ensure that the vessels they insure are 
safe and hence both their rules and British Standards 
are inherently conservative. If Mr. Wallace’s plea for 
nuclear standards is intended to limit the freedom of the 
designer to the same extent as it is limited by, for ex- 
ample, BS 1500, it is to be resisted. Construction of the 
containment vessels for our nuclear power stations has 
been a project so different from conventional pressure 
vessel and boiler design that the ordinary rules have 
been inapplicable. Thus the designers have had to work 
from first principles and by throwing off the yoke of 
established practice have been able to produce economic 
designs based on modern knowledge of the behaviour 
of metals under different forms of load. To those of us 
employed on research in the design of pressure vessels 
the nuclear power vessels have indeed been a godsend. 
They represent one of the few occasions on which a 
design can be based on logical grounds and can there- 
fore take advantage of recent research work. We are 
now approaching the stage where the satisfactory incor- 
poration of the results of research to the nuclear vessels 
is paving the way for the application of these results 
to more conventional designs. 
Abington Hall, Cambridge P. H. R. LANE 
Head Member Service Dept., 
British Welding Research Assn. 


Dismay and disillusion 


SIR: The Government’s action in appointing Sir Roger 
Makins as chairman of the UKAEA has caused wide- 
spread dismay and disillusionment amongst the rank 
and file in Authority establishments where for inspiring 
leadership there is no substitute for a scientific reputa- 
tion. His predecessor, Lord Plowden, admittedly is no 
scientist but at least he had accumulated many years’ 
experience of technical and industrial matters. The 
recent appointment of a Civil Servant as a member for 
Industry was bad enough; this latest move is the end. 
What a pity Sir Alexander Fleck could not have been 
persuaded to take on the chairmanship: his unique 
qualifications and experience could have really trans- 
formed the whole atomic energy picture. But have we 
not reached the point where the AEA as such has out- 
lived its usefulness? Why not transfer all weapon 
activities back to the Ministry of Supply and give the 
civil side to the Ministry of Power who in turn would 
contract out nearly all development and research work. 
Fundamental work should be done by the National Insti- 
tute which would, of course, be expanded accordingly. 
Would you please allow me to sign myself 

HYPERON 
Name and address supplied but withheld. 
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RIO TINTO 

















/ is now able to supply uranium in commercial quantities 
/ . Bs . 

| for power and research programmes. The nuclear grade 
/ products now available include the following: 


Ammonium Diuranate § Uranyl Nitrate Hexahydrate 
Standard Grade Uranium Dioxide § Ceramic Grade Uranium Dioxide 
Uranium Tetrafluorid Uranium Metal 


Uranium metal is normally supplied as machined ingot but 
facilities exist for forging and rolling to special sizes and 
shapes to meet individual requirements. 


Prices and specifications on application to 
Rio Tinto Management Services (UK) Limited 


Barrington House, 59 Gresham Street, London, E.C.2 
TELEPHONE: METROPOLITAN 910! 


<i ee, 
So ogy 
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An affable watchdog 


AS MUCH TO ITS OWN SURPRISE as anyone’s, the 
Atomic Energy Authority has come remarkably well out 
of the most searching enquiry ever held into its organ- 
ization and activities. The select Committee on Estimates, 
a body better known for digging out disgraceful secrets 
than bestowing compliments, has many kind things to 
say in its 40,000-word report on the Industrial Group 
(now split into the Production Group and Development 
and Engineering Group). Its basic organization is de- 
clared to be sound and the new divisions approved ; 
its reversal of some parts of the Fleck Committee policy 
is supported; its system of financial control, by and 
large, is blessed. All this reflects great credit on the men 
who had to create the Group so hastily. But though a 
friendly attitude is maintained right through the report, 
the Committee was obviously troubled by two major 
anomalies in the present set-up. 


The integrated programme 


The first concerns the fast reactor. Authority feeling 
has been lukewarm about it for some time. Yet the 
only factor which could make a significant difference 
in the cost of power from the first CEGB stations is the 
level of the credit allowed from the plutonium produced 
and this depends on a civil use being found for it. The 
Committee has now re-endorsed the view that fast 
reactors offer the only way out and strongly recom- 
mends that the whole programme should be accelerated 
to solve major problems by 1966 at the latest. With this 
proviso it backs the construction of admittedly un- 
economic stations now so that they may provide the 
plutonium for the elysium to come. 

The other main anomaly observed by the Committee 
concerns the relationship of the AEA with industry. 
While the Authority has failed to recruit enough men 
to carry out all its plans—the decision to limit recruit- 
ment in future to 8% a year is no more than a recog- 
nition of the amount of new staff it is likely to get— 
private industry has facilities and staff under-employed. 
In fact necessary work which industry could have 
tackled has been postponed by the Authority. 

The AEA evidently saw a major criticism coming here 
and kept one jump ahead by making its own re- 
appraisal. It has decided to treble the amount of piece- 
meal design and development work put out to industry 
while maintaining its insistence that industry is not yet 
capable of handling a development contract for a com- 
plete reactor system. The Committee, faced with this 
compromise, has agreed to it, but the Authority has 
not escaped scot-free. Its habit of huddling over a sys- 
tem in comparative secrecy until the prototype stage, 


and in particular its keep-off attitude on Dounreay, is 
adversely commented on, and the report explicitly 
urges the Authority to bring industry into the picture at 
a much earlier stage, by fuller technical discussions and 
by inviting them to attach staff to reactor experiments— 
to really keep them in touch with forward thinking, 
instead of retiring behind a screen of papers and reports. 

The Committee, not surprisingly, came to the con- 
clusion that the AEA’s industrial groups are in danger 
of getting bogged down in marginal improvements on 
the Magnox reactors and the high proportion of staff 
still working on these came under fire. Though the 
Committee evidently underrates the magnitude of the 
problems remaining to be solved, it is undoubtedly true 
that many of these could be undertaken by industry or 
the CEGB, and the report states that this should be done. 


Too early or too late ? 


On the question of giving industry development 
contracts for complete reactor systems the report is 
less positive. The Authority will certainly claim that 
the Committee has supported its own view, but this 
section of the report needs careful study. The findings 
seem to amount to an unenthusiastic negative, with a 
recommendation that the possibility should be borne 
in mind, especially regarding smaller reactors for ex- 
port and marine purposes—which the Authority still 
have no intention of developing specifically. Indeed, 
the Authority has managed to infect the Committee 
with its Own pessimism about the problems of fuelling 
and selling a small reactor if one were developed, and 
is obviously responsible for the report’s major incon- 
sistency. It is too early to develop a small reactor, the 
argument runs, because it will need enriched fuel and 
this won't be cheaply available from the thermal sta- 
tions until the middle 1960's. Elsewhere the report 
says that in any case ‘the Americans have much more 
experience of the designs that would probably prove 
best.” In other words it is already too late! This senti- 
ment, which must certainly not go unchallenged, is 
typical of a vein of timidity which comes to the surface 
here and there in the report. The Authority is urged 
(as if it needed encouragement) to limit severely the 
number of reactor systems developed; its attitude to 
the steam-cooled heavy water-moderated reactor as 
merely an insurance against failure of the advanced gas 
cooled-type is endorsed, the high temperature reactor 
gets only a brief and cool mention as a faint possi- 
bility, and industry and the AEA are told that if 
another system is developed it should be as near in type 
to those already known as possible. 
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SPECIFICATION oil 


Operational Trip Setting. 0-250°C. 
Trip Margin Meter Indication. Up to 100% of trip temperature. 


‘Low-Margin’ Trip. May be set anywhere within the available 
trip margin range, 

Trip Accuracy. 0.4%, of trip temperature. This accuracy is 
maintained if the range is extended above 250°C. 


‘Low-Margin’ Trip Accuracy. Better than 2% of the meter 
range. (Accuracy limited because the meter is used for setting). 
Hysteresis and Stability of Both Trips. 2°, of meter range. 


Input Signal Required. 40 pV/°C. 


Thermocouple Earthing. Can be at either terminal or at the 
hot point. (The amplifier is isolated from earth). 


Stability. Cold junction compensation ensures that perform- 

ance remains within the limits specified up to 40°C. ambient 

temperature. Performance is unaffected by mains variations of 
10%. 


Thermocouple Resistance. Up to 250 ohms for perform- 
ance specified. p to 500 ohms for ambient temperature (‘cold 
junction’) up to 30°C, 


Response Time. Less than 0.2 seconds. 


Recorder Output. A 100 mV recorder can be driven to indicate 
the meter reading at an impedance of 100 ohms. 


Dimensions. Front panel 4” wide x 8}” high. Depth 13”. 


Mains Input. 110-120v or 200-250v A.C., 45/60 e/s. 


Type N642 A 





Mains Consumption. 20 watts approximately. 


The Ekco range of reactor instruments also includes the following :— 


Reactor Period Meters with alternative ranges. Effluent Monitor. 
Reactor Power Error Meter. Battery Box Assemblies. 
Resistance Thermometer Trip Unit. Logarithmic Gamma Health Monitor (installed). 
Shut-Down Amplifier (with start-up facilities and Slow Neutron Survey Meter (portable). 
: shut-down state trip). Beta-gamma Survey Meters (portable). 
Fast Neutron Monitor (installed). Decade Voltage and Current Generator (general 
Misalignment Indicator (for coarse control arms.) purpose test unit). 
Leak Indicator (for external heavy water leak). Reactor Period Meter Test Unit. 





© EKCO ELECTRONICS LIMITED 


SOUTHEND-ON-SEA - ESSEX - Telephone: Southend 49491 
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Norldview 


the month in atomic energy 


AEI-NPPC tie-up 

the recent collaboration agreement 
between the Nuclear Power Plant Com- 
sany (NPPC), and AEI-John Thompson 
Nuclear Energy Company had its ori- 
gins in the days when Sir Claude Gibb 
headed the NPPC. The companies have 
indicated to the CEGB that they wish to 
submit tenders for the 500 MW Dunge- 
ness and the 600 MW Sizewell stations. 
This scheme of cooperation is expected 
to result in the formation of a new joint 
company before the date that the next 
tender, for Dungeness, has to be sub- 
mitted and by such action anything up to 
£200,000 can be saved in tendering costs. 

Cooperation will not be limited to large 
power station projects, but is to extend 
to every aspect of nuclear engineering, 
including ship propulsion, research reac- 
tors and controlled thermonuclear reac- 
tions. While a certain amount of over- 
lapping in activities between individual 
member companies of the group is un- 
avoidable, it will at least ensure that the 
most efficient and competitive facility 
will be employed. Moreover, it will en- 
able the potential client to choose from 
alternative companies such major items 
as turbines, generators, graphite machin- 
ing facilities, structural and civil engi- 


neering services. 

The group is already in a position to 
offer two designs of power generating 
stations and three research reactors—the 
5MW Merlin and the 10 MW Dido or 
Pluto types, Combined research facilities 
will be the most extensive of the UK 
nuclear engineers and include the Merlin 
reactor, the only industrially owned CTR 
facilities, Sceptre III and IV—the latter 
just being commissioned—and the Par- 
sons nuclear fuel research establishment. 
Already NPPC have an agreement, worth 
some £200,000 per annum, with AGIP 
Nucleare covering the training of Italian 
personnel and collaboration for the con- 
struction of possible further stations in 
Italy. While possibly, over a period of 
time, there will be some regrouping in 
the organization, and research activities 
better coordinated, it is not expected that 
iny drastic personnel changes will occur. 

On the marine side, the proposed col- 
laboration will again have its beneficial 
elfects, as the AEI group has an agree- 
ment with the US General Electric 
covering the design of small marine re- 
ctors and both the UK groups have 
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designs in hand for a 22,000 shaft horse- 
power nuclear-powered mercantile vessel. 
Through NPPC’s collaborative arrange- 
ments with Swan Hunter and Wigham 
Richardson full shipbuilding facilities 
would be available to the new joint 
group. 


NIRN’s first at power 

The 50 MeV proton linear accelerator 
at the Rutherford High Energy Labora- 
tory accelerated protons up to its full 
energy level for the first time on July 12. 
Designed and constructed by Metropoli- 
tan Vickers in collaboration with AERE 
who also carried out the basic develop- 
ment work, the accelerator is the first to 
come into operation at the National 
Institute for Research in Nuclear Science 
Rutherford Laboratory. It will be used 
by a resident team at the laboratory, the 
AEA and physicists from universities. 


Safeguards now in force 
Paris—The OEEC Convention on the 
Establishment of a Security Control in 
the Field of Nuclear Energy, signed by 
all OEEC member countries on Decem- 
ber 20, 1957, has now been ratified by 
ten countries, so bringing it into force. 
The ratifying countries, in order of tak- 
ing action, are the UK, Eire, Switzerland, 
Norway, France, Denmark, the Nether- 
lands, Turkey, Germany and Belgium. 
The convention is particularly designed 
to ensure that joint nuclear facilities de- 
veloped with the help of OEEC are used 
exclusively for peaceful purposes—it pro- 
vides for certain sanctions to be applied 
for failure to comply with its require- 
ments. 

Parallel with the security control con- 
vention, a draft Convention on Third 
Party Liability in the Field of Nuclear 
Energy has been agreed upon by the 
Steering Committee of the OEEC Euro- 
pean Nuclear Energy Agency. This in- 
cludes liability for accidents arising in 
the course of transport of nuclear fuels 
and for which the same maximum lia- 
bility, $M15S, and time, ten years, as for 
accidents on site will be applicable, 


Vienna—A panel of experts has been 
convened by the IAEA to draw up regu- 
lations to cover the transportation of 
radioactive and fissile materials including 
irradiated fuel elements. These will in- 
clude control of criticality and dispersion 













CANADA’S FIRST. The 20 MW(E) 


heavy water moderated Nuclear 

Power Demonstration (NPD) Reactor 

which is being built near Rolphton, 

Ontario, and is scheduled for comple- 
tion in 1961 


of the heat generated within the sources. 
The aim is to ensure that the essential 
requirements should be uniform, comply 
with international and national regula- 
tions and liabilities and provide minimum 
safety measures which, as far as possible, 
are uniform for air, water and land 
transportation. 


Credit for building 


Brussels—Euratom and the Export-Im- 
port Bank of Washington have signed 
agreements covering the $M135 credit to 
assist in financing the construction of 
nuclear power plants under the Joint 
US-Euratom programme. The overall 
cost of this programme is expected to be 
at least $M350 and the balance will be 
raised from European sources. The loan 
of $M135 will be repayable over 20 
years and interest will be charged at 
4}°% annually—this is a lower rate than 
that normally charged for development 
loans. 

Rome—Some $M40 is to be lent by the 
World Bank to the Italian Fund for the 
South, to finance the Project ENSI at 
Punta Fiume, where the US General 
Electric are building a 150 MWe Bwr. 


To help industry 

Brussels—The majority of the US/Eura- 
tom Joint Reactor Board members have 
now been nominated. For Euratom, the 
chairman will be Eildert G. Stijkel; 
financial member Pierre Nacivet; legal 
member Felix Oboussier; technical mem- 
ber Claude Ramadier—two other Eura- 
tom representatives will be named at a 
later date. For the United States AEC, 
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the vice-chairman will be Amasa S 
Bishop; legal member Marcus A. Row- 


den; financial member John C. Ryan; 
technical members Jarvis L. Schwennesen 
and Nelson F. Sievering—one other 


AEC representative will be named at a 
later date. In cases where a loan from 
the Export-Import Bank of Washington 
is concerned, a representative of the bank 
will also attend. 

Initially, to implement the joint 
programme, the Board will 
proposals 
European groups and companies for par- 


nuclear 


evaluate the received from 
ticipation in the project; make recom- 
mendations regarding the acceptability 
of such proposals; and coordinate the 


execution of the overall programme 


Fuel source in South America 
Buenos Aires—Claims have been made 
that rich uranium deposits of high radio- 
activity have been 
Province of Salta and technical experts 
from the Argentine 
Commission are now Carrying out exten- 


discovered in the 


Atomic Energy 


sive field investigations. 


Tracers in sugar industry 


Sydney—Following preliminary experi- 
ments at Lucas Heights, full-scale field 
testing in the use of radioactive isotopes 
to aid Queensland’s sugar industry is to 
be carried out this year. The Australian 
AEC, in cooperation with the Bureau of 
Sugar Experiment Stations, will apply 
radioactive isotopes as tracers to test the 
efficiency of a sugar mill subsider which 
is used to remove solid impurities from 
the raw sugar solution 


UK seeks Australian aid 

Sydney—The Minister for National De- 
velopment is discussing proposals from 
overseas for the use of the Australian 
reactor, Hifar, to test nuclear power 
reactor materials. The General Electric 
Company-Simon Carves Nuclear Group 
are interested in having irradiation ex- 
periments carried out at Lucas Heights. 
The United Kingdom AEA are also in- 
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BRADWELL PROGRESSES. The final shape of this 300 MW/(E) nuclear power 
station is now becoming evident. During the first week of this month, the eleventh 
boiler was lifted into position 


vestigating the practicability of using 
Hifar for the irradiation of beryllium 
metal samples; this work would be of 
particular value to the Australian AEC 
as they intend to investigate this material 
for use in their own power reactor pro- 
gramme (see They said, this month). 
With facilities fully booked in the UK 
for some time to come, using Hifar in 
this way will help to prevent develop- 
ment programmes getting behind 


Canada looks overseas 
Ottawa—During recent months the Can- 
adian Minister for External Affairs has 
been finalizing agreements with overseas 
organizations which 
will give Atomic Energy of Canada Ltd. 
the opportunity to participate in future 
foreign projects. A bilateral agreement 
between Japan and Canada was signed 
in July, providing for cooperation in the 
development of atomic energy, especially 
in the field of electric power generation. 
During August, Australia and Canada 
agreement of cooperation 
through which Australia is to receive 
know-how, especially on the subject of 


Governments and 


signed an 


natural uranium fuelled, heavy water 
moderated reactors. 
Two agreements between Euratom 


Commission and Canada have been con- 
cluded—one provides for cooperation in 
the peaceful uses of atomic energy and 
European industrialists to 
deal freely and directly with the Cana- 
dian atomic authorities. The other covers 
collaboration for a research programme 
centred on a heavy water reactor. To 
further these agreements, Atomic Energy 
of Canada Ltd. have invited some sixty 
reactor and fuel element manufacturers 
of the Euratom countries to visit Canada 
to study the construction of heavy water 
reactors. 


will enable 


Going it alone 

Paris—The French atomic energy authori- 
ties are determined to press on with 
their plans independent of overseas 


assistance. Recently the G-3 reactor 
Marcoule went critical and will be p: 
ducing a net electrical output of 25 MW 
Projects now on the drawing boards 
clude naval nuclear power propulsic 4 
units and a uranium separation pla 
The three nuclear power stations at pre 
ent scheduled will be followed by 
fourth in 1962. Between 1965 and 19¢ 
some 1000 MW will be produced | 
nuclear plants. A new company to ent 
the French nuclear engineering field 
the shipbuilding concern, Chantiers Na 
ales de la Pallice, which is participatir 
in the construction of the nuclear pow. 
station at Cadavache. 


lrag turns to Russia 
Moscow—An agreement covering coor 
eration in the peaceful uses of atomi 
energy between the Republic of Iraq an 
the USSR was signed here on August 17 
It provides for Soviet help in the buildin: 
of a research reactor and isotope labora 
tory in Iraq, assistance in prospecting for 
radioactive ores and formulating researc! 
programmes, and the training of Iraq 
personnel for developing the uses ol 
atomic energy. This arrangement will, to 
a big extent, replace the facilities lost 
when the Baghdad 
moved its nuclear facilities and activities 
to Teheran. 


Treaty organization 


Japan starts ship trials 
Kobe—The Japanese shipbuilding con- 
cern, Mitsubishi, started trials at the end 
of July on a model of their mercantile 
nuclear powered submarine. This model, 
weighing nearly two tons, is some 28 ft 
long and has a diameter of 3 ft 3 in. It 
is undergoing stabilization trials, powered 
by an electric motor and at a depth of 
20 ft travels at approximately 9 mile/h 
If these trials, which continued through 
August, prove successful Mitsubishi will 
go ahead with the construction of their 
35,500-ton commercial nuclear powered 
submarine design. 


Nuclear research in the Pacific 
Manila—The United States AEC is mak- 
ing a grant of up to $500,000 to the 
Philippine Government towards the cost 
of a reactor. This plant will form the 
nucleus of a research centre which is 
being set up at Diliman, Quezon City, 
eight miles north-east of here, for the 
University of the Philippines, General 
Electric has started building a 1 MW 
open pool reactor and it is 
scheduled to come into operation at the 
centre by the autumn of 1960. 


Swiss fall behind 

Wiirenlingen.—The head of the Swiss 
Reactor Co., Dr. K. Sontheim, has 
warned his countrymen that they are fall- 
ing behind in the field of nuclear engin- 
eering. Unless assistance is to be sought 
in the future from foreign industries, 


research 
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xperimental facilities should be 
ow. The State should sponsor and 
rage the establishment of at least 
esearch centres and take steps to 
ip teams of experienced scientists 
rk on nuclear projects. 


Progress on the Don 
\foscow—The construction of the first 
or for the Novovoronezhskaya 
nuclear power station on the River Don 
is progressing well. The biological shield- 
ing, some 33 ft thick, together with the 
reactor foundations have been completed 
and the main combined reactor and tur- 
bine hall is now being built. The plant, 
when completed, will comprise two pres- 
surized light water cooled and moderated 
reactors, using 1-5°, enriched uranium, 
each having a gross thermal output of 
760 MW, giving, through three 70 MW 
turbogenerators, a gross 210 MW electri- 
cal output (196 MWe net). The cooling 
water will be circulated at a pressure of 
100 atmospheres at a rate of 120,000 
gallons per minute, when its temperature 
will rise 25°C from 250°C on entry to 
275°C on leaving the core. The reactor 
vessel will be 124 ft in diameter and 
nearly 40 ft high (see Worldview, Sep- 
tember 1957). The primary cooling cir- 
cuit incorporates six tube and shell type 
heat exchangers and_ six circulating 
pumps as well as two nitrogen pressuriz- 
ing tanks, per reactor. The first reactor is 
scheduled to go critical in 1960 and full 
power operation achieved by 1961 when 
the output will be linked with the uni- 
fied power grid of the European part of 
the USSR. The station will also be used 
experimentally in connexion with the 
future Soviet nuclear power programme 


New facilities 
Munich The Siemens-Schiickertwerke 
AG Argonaut-type SAR reactor at Garch- 


US IN MIDDLE EAST. Near Rishon le 

Zion, AMF Atomics is constructing the 

first Israeli | MW research reactor and 

it is expected to be critical by the 
end of this year 
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ing, near here, has gone critical. This is 
the first German-built reactor to come 
into operation. 

Karlsruhe—Another Argonaut-type reac- 
tor has been ordered by the Gesellschaft 
fiir Kernforschung mbH, for their K-II 
programme, from _ Siemens-Schiickert- 
werke AG, who will be assisted in the 
construction by the companies Lurgi of 
Frankfurt and Pintsch Bamag AG of 
Butzbach. 

Diisseldorf—A contract was awarded by 
the Arbeitsgemeinschaft Versuchs-Reak- 
tor (AVR) GmbH, during August, to the 
Arbeitsgemeinschaft Brown Boveri Co. 
(BBC)/Krupp for a 15 MW high tem- 
perature research reactor. It will be built 
at Jiillich in North Rhine-Westphalia and 
used by AVR in the interests of twelve 
state and commercial electricity pro- 
ducers to evaluate this type of reactor’s 
power potentialities. Particular attention 
will be paid to the heat transfer effici- 
ency, the economics of using natural 
uranium and the absence of excess re- 
activity inherent in this type of reactor 
design. Although no construction 
schedule is yet available, this project 
does mean that Germany will have its 
own facility as well as joining in the 
Dragon project for high temperature 
research. 


AEC to try for economic PWR 
Washington, DC—The AEC has invited 
proposals from industry for participation 
in the Commission’s Power Demonstra- 
tion Reactor Programme, The major ob- 
jective is the development of a small-sized 
pressurized water reactor plant that will 
economically generate approximately 
60 MW /t and 163 MWe. The fuel ele- 
ments are to use slightly enriched, not 
more than 10 U-235, uranium oxide 
clad in zircaloy-2 or stainless steel and 
the design is to be based upon an aver- 
age exposure of 10,000 MWD/t uranium 
or better, The incorporation of fossil- 
fuelled superheating to raise the electri- 
cal capacity to 22 MWe is at the option 
of the proposer. AEC hope that field 
construction of the selected design can 
start by about May 1960 and completion 
effected within the following two years. 

The Commission will meet, as a maxi- 
mum, the cost of the design, fabrication 
and installation of all the reactor por- 
tions of the power plant: industry will 
have to finance the rest of the necessary 
services to integrate the reactor system 
into a complete generating facility. 


No take-off yet 

Washington, DC—With major differences 
existing between the authorities con- 
cerned—some wanting early flight trials 
of existing nuclear plants and others 
wanting further advanced plants—not 
only has no target date been set for the 
aircraft propulsion programme but the 
US Air Force has not yet found a speci- 






















INSIDE THE ‘SKIPJACK.’ The con- 
trol deck above the reactor of the 
American nuclear submarine which re- 
cently visited the UK and then went 
on to La Spezia, the Italian naval base 


fic use for a nuclear powered aircraft. 
Despite this situation, the Congressional 
Joint Committee on Atomic Energy have 
indicated that up to 1958 some $M681:3 
had been spent on the manned aircraft 
programme and that by the end of the 
1960 financial year, the total would grow 
to some $M990. Since 1946 when the 
project was started, the costs, in millions 
of dollars, have been: 


OPERA- FACILI- ANNUAL CUMULA- 
TIONS TIES TOTAL TIVE 





TOTAL 
1946 1-3 1-3 1-3 
1947 2-0 2-0 3-3 
1948 6:2 6-2 9°5 
1949 6-9 6-9 16-4 
1950 6:7 6-7 23-1 
1951 8-3 0-5 8-8 31-9 
1952 20-7 6-2 26°9 58-8 
1953 40-6 18-6 59-2 118-0 
1954 21-5 3°3 24-8 142-8 
1955 46-8 71 53-9 196-7 
1956 96°8 60-4 157-2 353-9 
1957 141-0 45-0 186°0 539-9 
1958 130-0 11-4 141-4 681-3 
1959 139-7 19-2 158-9 840-2 
(estimated) 
1960 143-4 7.0 150-4 990-6 


(estimated) 


The present policy of drift and indeci- 
sion, despite the vast sums involved, will 
it seems be continued at least for some 
little time to come. 


Breeders oust liquid fuel 

Oak Ridge, Tenn.—The United States 
AEC have initiated a long term project 
to develop effective thermal breeder re- 
actors which would fully use thorium’s 
latent energy. Known as the Thermal 
Breeder Reactor Programme, it will aim 
at converting taorium to _ fissionable 
material at a doubling time of not more 
than twenty-five years. 

This programme will modify the work 
now in hand on the fluid fuel reactors— 
the liquid metal fuel reactor, LMFR, the 
aqueous homogeneous, AHR, and the mol- 
ten salt reactor, MSR, concepts. During 
the coming year, research and develop- 
ment on these projects will not be con- 


85 






























































WORKING TOWARDS POWER. The 
Hungarian 2 MW Soviet-type WWR-Z 
reactor at Czilieberg, is now being 


used in studies for future nuclear 
power stations 
tinued except where applicable to the 


There now seems to be little 
further development of 
fluid fuel reactors as a means of achiev- 


new project 
incentive for 


ing low cost nuclear power in the near 
future 

In the initial stages, work on the new 
project will be directed to basic research 
and will include an evaluation to deter- 
mine the type of breeder reactor having 
the greatest potential for continued long 
range This work 
activities of the AEA, which is expedit- 
ing the Dounreay Breeder (see comments 
of the Select 
this month) 


development. echoes 


Committee on Estimates, 


Intercontinental development 


Brussels—Last month the US-Euratom 
TAKING SHAPE. While progress is 
inclined to be slow at Latina, the lay- 
ing of the reactor foundations has 
commenced. The turbine house will 
be located to the right of the reactor 
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Joint Research and Development Board 
awarded its first three contracts, total- 
ling approximately $315,000. The first 
contract was with the Battelle Memorial 
Institute for the study of heat transfer 
and vapour conditions as they occur in 
light water and in organic liquids, both 
of which may be used as coolants and 
A high pressure 
heat-transfer loop will be used during the 
study to simulate actual heat and boiling 
conditions in a reactor. 

The French organization, Compagnie 
Electron- 


moderators in reactors. 


Industrielle des Céramiques 
iques, have received a contract to cover 
a study project on the extrusion of uran- 
ium oxide. 
The third 
vanced Technology Laboratories, a divi- 
sion of American-Standard, and is for a 
programme aimed at substantially reduc- 
ing the costs of nuclear fuel through the 
application of high temperature spray 
techniques to form clad ceramic fuel 
These laboratories are also en- 


contract is with the Ad- 


elements 





TPSTTTTTT TTT ELLTITT 


TINT 


7 





Development Board is continuing its 
view of over 200 proposals from Ame 
can and European organizations ai d 
additional contracts will be issued in d 


course. 


More industrial participation 


The IAEA has received its fir 
research contract from the United Stat 
AEC, valued at $20,000, for research « 
the production of calcium 47, which is 
present in short supply and aims at 
cheaper method cf enriching calcium 4 
Pittsburg, Pa.—Westinghouse Electr 
Corp. are setting up an astronucle 
laboratory here, for the development 
nuclear power for outer space propu 


Vienna 


sion. 

Calif —Aerojet Gener 
Nucleonics have received a contract fo 
a nine-month’s study of a new power re 
actor concept—the proposed system 
to be cooled by boiling sulphur at abou: 
1200°F. High thermal efficiency is 
theoretically attainable but serious engin 


San Ramon, 






REACTOR CORE MOCK-UP. A critical assembly machine used in determining 


the core design of the US Southwest Atomic 
Epithermal Thorium Reactor (AETR), in which 


Energy Associates’ Advanced 
the fuel will be a thorium- 


uranium alloy, sodium the coolant and beryllium or graphite the moderator 


gaged on two research programmes for 
the US Atomic Energy Commission 
one provides for the evaluation and test- 
ing of the variable moderator reactor 
concept in which control is achieved by 
the adjustment of the level of ordinary 
water used as a neutron moderator, in- 
manipulation of 
neutron-absorbing control rods. As the 
subject of a sub-contract, the core will 
be tested in its critical stage at the 
Battelle Memorial Institute. 

The other AEC contract American- 
Standard has is for the improvement of 
the irradiation stability of natural uran- 
It is expected that this will 
result in techniques for treating uranium 
that will materially increase the life of 
reactor fuel elements. 

The US-Euratom Joint 


stead of mechanical 


ium metal. 


Research and 
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eering problems must be solved. The 
study is to determine the practicability 
of this advanced design. 

Washington, DC—A _ $127,000 research 
and development contract has_ been 
awarded to the Martin Co. by the US 
Navy to study airframe designs for a 


nuclear powered anti-submarine  sea- 
plane. These studies will concentrate 
primary attention on propulsion work 


developing an indirect cycle engine. 

Washington, DC—Selected from among 
eleven submitted, the Babcock & Wilcox 
proposal to provide AEC with test irra- 
diation services in a 60 MWt water 
cooled and moderated reactor, to be built 
at Lynchburg, Va., has been chosen for 
contract negotiations. It is estimated that 
it will take two years to build, would 
provide irradiation services for five years. 
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SELECT COMMITTEE REPORTS ON AEA 


Tl NQUIRY into the Atomic Energy 
A ty’s Industrial Group (now divi- 
d o the production group and the 
d nent and engineering group) 


»y the Select Committee on Esti- 
n has been completed. Sub-commit- 
tee tudied all 


previous literature 
including Annual Reports and White 
Papers, visited AEA establishments and 
interviewed senior men in the Authority 
and industry. The aim was to find out 
whether the policies and organization of 


the Industrial Group were being carried 
out in the way most fitted to get the best 
return for the money invested. The 
general tone of the report is favourable 
and records the Committee’s impression 
that the AEA has carried out its tasks 
with efficiency and success. 


Organization 

The division of the old Industrial Group 
into two as from last July was ex- 
amined in detail and approved. The 
Committee reports that in 1959-60 about 
a quarter of the two groups’ research 
manpower and expenditure will still be 
employed in relation to the Magnox re- 
actors, about a fifth on the aGR, and 
about a tenth on the problems of the fast 
reactor. It expressed surprise at the high 
proportion still devoted to the Magnox 
stations and the low priority of the 
Dounreay programme. The difficulties 
experienced by the Authority in recruit- 
ing men for this and other projects was 
commented on, ‘ The indications are that 
the group has planned in the past to do 
more development work than the avail- 
able manpower has permitted ’. Scientific 
staff just above the £2,000 a year level 
and senior men earning over £3,000 a 
year are the most difficult to find. 


Development of reactors 

The estimated generating costs of the 
first commercial nuclear power station 
have risen to 0°7d a unit or perhaps a 
little higher; thus, the Committee empha- 
sizes the cost of electricity generation 
in these could be nearly 40% higher than 
that from well sited modern conventional 
stations working on base load. Some re- 
ductions in the price of uranium might 
lower generating costs by about 10%, but 
in any case ‘The operation of these 
stations even if at present uneconomical 
is essential in order to produce the plu- 
tonium for bringing fast reactors into 
commercial operation. These could gen- 
erate at between 0-3d and 0-4d per unit 
and achieve really cheap power in the 
1970's” Therefore ‘The priority of the 
fast reactor should now be given special 
consideration. The future course of the 
nuclear power programme will be 
directly affected by the availability or 
otherwise of fast reactors in the early 
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1970’s and its problems must be solved 
by 1966 at the latest.’ Construction of a 
prototype should begin soon. The rate 
of progress of plutonium technology in 
relation to the fast reactor is also ‘ most 
important’. The report expressed its 
satisfaction that the whole plutonium 
technology research programme is to be 
stepped up. 


Production and costs 

The fuel element fabrication lines being 
built at Springfields for the first five civil 
stations will produce at a rate of about 
3,000 tons a year when fully in produc- 
tion ‘ This should be adequate till 1964’ 
the Committee thought, but the Authority 
should then hold talks with industry and 
CEGB to examine seriously the possi- 
bility of fuel elements being fabricated 
outside the Authority. Competition might 
then bring down the production costs 

The production of plutonium rose by 
76°5°, in the last three years and the 
works costs per unit of plutonium pro- 
duced fell by 35 The Committee re- 
veals that this cost is about equally 
distributed between production of fuel 
elements at Springfields, irradiation in 
reactors (including handling fuel elements 
in cooling ponds) and chemical process- 
ing at Windscale. 

At Capenhurst the cost of producing 
enriched uranium has decreased—the 
index cost fell by over 20% in the last 
three years. 

The level of uranium stocks was con- 
sidered excessive and the committee noted 
that the AEA is paying an unnecessarily 
high price for uranium because it is still 
held by contracts fixed some years ago. 

The Authority’s system of financial 
control was found to be generally effec- 
tive except in relation to the Dounreay 
establishment where inadequate control 
‘has cost £500,000’. The estimate has 
been raised three times in four years 
and now runs at 38% over the original. 
The Report also found the lack of in- 
crease in the proportion of contracts 
put out to competitive tender over the 
last year was a ‘ real disappointment.’ 


Partnership with industry 

The Committee reported that in 1958-9 
only 8 of the Group’s operating ex- 
penditure on research and development 
was accounted for by contracts with 
industry and universities. They ‘ believe 
that a change is now required’ and en- 
dorse the Authority’s plans to treble the 
amount of work placed with industry in 
the next few years (it is hoped that the 
value of the research done by industry 
for the Dounreay Establishment will be 
increased tenfold in the next year). 
Three reasons given by the committee 
for an increase were (1) ‘ The proportion 


of the nation’s nuclear engineering and 
scientific skill that the Authority can 
recruit is limited while the volume of 
work to be done is expanding’; (2) ‘It 
would be wasteful to leave the nuclear 
engineering industry unemployed, as it is 
today’; (3) ‘Industry should take on 
more work so that it may more quickly 
acquire the ability to originate and 
exploit nuclear development itself ’. 
Main recommendations were : 
1. The research and development of the 
Group which is directed to achieving 
improvements in the operating perform- 
ance of the Magnox reactors should 
wherever possible be confined to those 
problems that the CEGB and the Con- 
sortia are not equipped to deal with. 
2. The AEA should invite the consortia 
to attach a limited number of people to 
experimental reactor projects, or to join 
in technical discussions as soon as feasi- 
bility studies are complete. They should 
take positive steps to keep the consortia 
fully informed of the work on such pro- 
jects and should consider seconding a 
few AEA engineers to the consortia to 
act as team leaders on design contracts. 
The committee reports that up to now 
the AEA do not appear to encourage the 
consortia to learn about a system at an 
earlier stage than the prototype. In par- 
ticular there is no one from industry 
attached to Dounreay and ‘no positive 
steps’ have been taken to keep the con- 
sortia in touch with progress and think- 
ing on the fast reactor, beyond the nor- 
mal publication of papers and reports. 
The committee considered whether the 
consortia should be given contracts for 
the development of whole reactor 
systems, but were doubtful if this could 
be done immediately, though ‘ this judge- 
ment may have to be qualified in respect 
of smaller reactors for export and 
marine purposes*. The Authority wit- 
nesses opposed the idea of a complete re- 
actor contract for industry on the grounds 
that (a) it might lead to a spreading of 
effort over individual, uncoordinated 
projects (b) the Authority would be 
obliged to provide at least irradiation 
and fuel element services, and they have 
none to spare (c) the consortia do not 
yet have experience in commissioning 
and operating new reactor systems. 


Royalty payments 

The Atomic Energy Authority receive by 
way of royalties about 10% of the value 
of the nuclear part of the station or 
about £5 per kW installed. Commenting 
that receipts on a 500 MW station would 
be about £M2} the report warned that to 
drive too hard a bargain by raising 
royalty charges any further would be 
‘ shortsighted and detrimental to the com- 
mercial prospects of industry ’. 
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What is the effect of efficiency on capital 


cost ? Does taking interest payable on capital 
during construction. into account make a signi- 
ficant difference to power costs? These are 
some of the questions answered in this new study 


The Economics of Gas Cooled Reactors 


by G. S. VINCENT, M.S.. A.M.LE.E., A.M.I.Mech.E. 


Babcock & Wilcox, Ltd. 


HE PRIMARY DECIDING FACTOR in economic 
7 ca of a power plant is its effect on unit 
cost of electricity ; the other important factor is the capital 
cost. In this exercise the variability of unit cost for dif- 
ferent capital values, taking into account the variability of 
factors built into the unit cost calculation, e.g. efficiency. 
load factor, interest rate, has been considered. In doing 
this, factors which may normally be ignored have to be 
reconsidered to ensure that they can be ignored over a 
range of values and to determine the extent of any error 
that may be introduced. 

A typical question which is raised and which this study 
will help to solve is ‘What is the effect of efficiency on 
capital cost?’ or, alternatively stated, ‘If efficiency is in- 
creased how much can capital cost be increased for it still 
to be worthwhile.” We know the value of increased effi- 
ciency if the capital cost is the same, but what is the 
quantitative limit, at the expense of capital? Considera- 
tions of efficiency will also affect the curve of capital cost 
in £/kW against station size. This is usually drawn as a 
single line but strictly speaking there is a range of capital 
cost value for a given size. Whether this range is significant 
is to be determined and will be shown later. 


Examination of unit cost calculations 
The following nomenclature will be used: 


A= factor for interest H = 
charges on _ capital 

_ during construction MWso 

B= factor for amortiza- ” ~ €liciency Mw 
tion charges on capital 

C = capital cost in £M 

D = burnup rate MWD /t 

, = fuel rating in kW/t K 
load factor 

G = capital cost in £/kW 


heat output of reactor 
in MW 


interest rate 

credit for plutonium in 
fuel 

factor for capital and 
interest charges on 
fuel 


No. of units sent out per year = H” F.365.24.10° 


Unit cost has the following components: 


1. Capital charge This is based on the capital cost of the 
plant and is assessed from the interest rate and amortiza- 
tion period. It is expressed as a fraction of the total capi- 


tal cost. Interest charges are accrued on the cost of a 
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plant because of payments during construction. No re 
turn is then being obtained for the capital paid out and 
these interest charges therefore have the effect of increas 
ing the capital costs of a station. They can be assessed 
when the terms of payment are known and can be taken 
into account by introducing a factor by which the capital 
cost is multiplied. This cost has not generally been con 
sidered in most unit cost calculations. 
Capital cost component of unit cost 


C.AB.240.10° 


No. of units sent out per year 


C.AB.240.10° d 
HF 3365.24.10 


27°38 
HuF 


The factor A can be calculated by considering each 
payment as a single payment and applying the compound 
interest factor for the interest rate and the time between 
the payment of the sum and the completion of construc 
tion. B can be read from compound interest tables for 
the appropriate interest rate and amortization period. C 
will be known and H, ” and F specified. 


2. Capital charge on fuel This cost will be in two parts due 
to the credit value of the fuel. Assuming that the fuel is 
expended by the time the life of the reactor is complete, 
it can be calculated by depreciating with interest charges 
the difference between the initial cost and the credit value 
over the life of the plant, and charging interest on the 
credit value of the fuel. 

This cost will be dependent upon the inventory of fuel 
per MW of heat and is normally expressed in MW/tonne 
of fuel. For all the stations being built this figure has been 
of the same order and has been approximately 2°63 MW 
tonne. Should this rating be decreased the charge will be 
increased in proportion by an amount equal to 0-003d per 
unit per 0-1 MW/tonne decrease in the fuel rating. 

In addition to the fuel in the core, the capital value of 
new and irradiated fuel held in store must be considered. 
About three months’ supply of fuel will come into each 
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ry. Taking the value of irradiated fuel as the plu- 
n credit figure, the total value of the fuel held in 
Ss approximately 8% of the initial value of the fuel 
core. The capital charge on fuel is increased by 
actor to take these charges into account. The addi- 
to the unit cost due to the additional 8% for fuel in 
is in the order of 0-006d; therefore the error due to 
cted variances in the 8% will be of a second order of 
illness and may be neglected. 
his cost is also influenced by the credit value of the 
It was therefore calculated for values of £5000 and 
QO per tonne for the range of interest rates and life 
of plant considered. The maximum difference between the 
two results was in the order of 0-002d per unit. This is 
considered negligible, so for convenience a constant credit 
value is considered for this part of the unit cost. 
rhe annual cost of the two parts of the capital charge 
on fuel can be expressed as: 
initial value of fuel in core. K. 1-08 





The factors influencing the relationship 
between capital and unit costs are investi- 
gated and formule derived for the capital 
cost, fuel replacement, and operational cost 
components of the cost per unit. Families 
of curves are constructed to show the 
effect of varying different parameters and a 
fresh comparison made of generating costs 
from nuclear and conventional stations 








; J J 
where K = B (i — ——_) + [—_ 
20,000 20,000 
This expression represents the two parts of the capital 
charge as described, for one tonne of fuel. 
For a constant credit value J £5000 and K 0:75B 
0-25 / 
; K H.20,000.240.1-08 d/unit 
Thus capital charge on fuel -— 


2°63H1F .8770.10* 


0:2255 K : 
- d/unit 

nF 
(based on initial fuel cost 
of £20,000 /tonne) 


3. Fuel replacement costs This cost is assessed directly from 
the heat output of the core and burnup rate of the fuel. 
The burnup is taken as 3000 MWd/t and the fuel replace- 
ment cost will naturally be inversely proportional to the 
burnup. 

The credit value of the fuel has a significant influence 
on this cost which is proportional to the difference between 
the purchase price and credit value. Should the effective 
credit value be reduced from £5000/tonne to £3500/tonne, 
this fuel cost will be increased by 10°, and for fuel costs 
in the order of 0-15d to 0-20d per unit this possible in- 
crease must be considered. The replacement cost is also 
influenced by transport costs of the fuel. 


H .365.F (20,000 — J).240 


Fuel replacement costs - 
D.8°77.10° 1FH 


(20,000 — J) 


D102 
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Assuming J = £5000/tonne, D = 3000 MWd/t 


0-05 ; 
—— d/unit 
v) 


Fuel replacement costs 


4. Operational costs This cost covers personnel and main- 
tenance costs and it is expected that these will be in the 
order of 0-05d per unit. It will vary with the load factor 
and will be expressed as follows: 


0-0375 


Operational costs d/unit for 0°75 LF 


5. Total unit cost Assembling all the previous cost items 
together we get the folowing: 


CAB 0°2255K 0-05 0-0375 
Unit cost = 27:38 ——— + —— + —— + ——-d 
HuF 1 F U] F 
Capital cost C and H are associated with stations of a 
particular size. It is more useful to use the comparative 
capital cost basis of £/kW which has wider applications. 


Cc 10* C 103 
£/kW = ———-=G “. G = — 
H 1 10% H» 


Thus unit cost in pence 
27°38 ABG 10° 


0:2255K 0-05 0-:0375 
F 1F ” F 


Development of curves 

1. A, B, and K are assessed knowing the interest rate and 
amortization period. Thus for a given value of load factor 
F, curves can be drawn of unit cost against G for a com- 
bination of values of interest rate, amortization period, 
and efficiency. Families of these curves will show the trend 
of the costs. 

The interest rate is normally specified. To avoid confu- 
sion, curves for each interest value are drawn on separate 
sheets; the effect of varying interest rate can be observed 
by comparing points on different sheets. 

To give a representative coverage to the variations likely 
to be experienced the following values were selected: 

interest rates 1:5, 6 and 7%; amortization period: 15, 
20. and 25 years; load factor: 0°75. 


2. For the purpose of calculating the interest charges dur- 
ing construction the following terms of payment were 
used : 

44 year construction period, 10% down, 10% in eight 
half-yearly intervals, 5% at commissioning, 5% six months 
after. These values give the following: 


Interest rate: 5% 6% TY. 
Factor A: 1-1192 1-1451 1°1725 


It is noted at this stage that these charges are very con- 
siderable. 


Value of B for varying interest rate and amortization period. 


Interest rate 15 years 20 years 25 years 
>; 0-0963 0-0802 0-:0710 
6% 0-1030 0-0872 0-0782 
Y iy 0:1098 0-0944 0-0858 


Graphs of unit cost are drawn using the above values in 
Figures 1-3. For each combination of amortization period 
and interest value, the lines representing different efficien- 
cies are parallel to each other. 


3. The unit costs given in Figures 1-3 have the interest 
during the construction period taken into account. Com- 
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parison of these costs with the calculations where interest 
during construction is omitted can be made on the 
same graph by drawing a second £/kW scale in which 
the spacing has been reduced by a factor equal to A. 
Examination of the unit cost formula shows that is quite 
correct to do this. 

The £/kW scale can now give both values directly and 
this is shown in Figures 1-3. 


4. Examining the basic unit cost equation, it is seen that 

of the four component parts three are dependent upon 

load factor while the fuel replacement cost is dependent 
5% INTEREST 
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Variation of unit cost with amortization period at 5% 
interest, showing the effect of taking into account interest 
during construction (Fig. 1) 

6% INTEREST 
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Variation of unit cost with amortization period at 6%, 
interest (Fig. 2) 
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only on efficiency (assuming fixed replacement value ar 
burnup). We can, therefore, from a point along the u 
cost scale equal to the value of fuel replacement cos 
draw a variable scale such that the unit cost can be rez 
from it for different values of load factor. 

The error over the range of values considered in usir 
a single variable scale instead of one for each value « 
efficiency was only 0-002d. This is considered sufficient! 
small to ignore and Figures 1-3 have been drawn embod) 
ing this scale. 


5. The components of unit cost are not each affected by a 
the variable quantities. Therefore graphs for each con 
ponent can be simply drawn on one sheet and are show 
on Figure 4; from these the component parts of the uni 
cost for any point on Figures 1-3 can be obtained. 


Application of the graphs 

The following information can be obtained from th 
graphs subject to the variable quantities being within thx 
range of values considered. 


1. The unit cost for any combination of capital cost, inter 
est rate, amortization period, efficiency and load factor 
Taking the values given in Table I for the 500 MW station 
capital cost £120/kW, 0:75 LF, 20 yr. life, 5% interest 
and assuming 26%, efficiency, a unit cost of 0°72d is read 
from Figure 1. This agrees with the upper figure quoted in 
Table I. Likewise for the 300 MW station at 6% interest a 
unit cost of 0°865d is obtained from Figure 2 compared 
with 0°87d in the Table. 


2. The component parts of the unit cost. 
Taking the values for the 500 MW station as above the 
following component costs are obtained from Figure 4. 


Capital charge 0°392 
Capital charge on fuel 0-085 
Fuel cost 0-190 
Operating cost 0-050 


Total 0-717 d/unit 
When the capital charges for the plant and the fuel are 
put together, the component costs and the total agree with 
figures in the Table. 
7% INTEREST 
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Variation of unit cost with amortization period at 7% 
interest (Fig. 3) 
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‘Table | Cc omparison of Generating Costs of Nuclear and Conventional Coal fired Pow. er Stations 
Revision of J. C. Duckworth’s table (Geneva paper 1446) to include interest during construction. New and revised figures in bold 





NUCLEAR COAL FIRED PLANT 
HIGH FUEL 
COMPLETION DATE COMPLETION DATE LOW FUEL COST SITE COST SITE 
1960/61 1962 ee se ies ———_——-—— 
STATION NO. 1 STATION NO. 3 STATION NO. 2 
( ite station capacity . . 275-300 MWso 500 MWso 1000 MWi 1150 MWi 1000 MWi 
rane ys 200 MWi 550 MWi 200 MWi 
‘ 600 MWi ; 
I cooling _.. ig direct direct tower tower direct 
Y commissioning first unit 1960 1962 1959 1963 =_ 
( cost £ k Wso (excluding initial fuel) 145 120 55 45 an. 
Life of station ; af - si 20 years 20 years plant 25 years building 40 years 
Load factor i ie 15% 715% 75° 8%. ee 
Interest rate am i a +: ee 6% 5% 6% $Y, 6% 5Y 6% 5% 6% 
Interest charges on — amy con- 
struction, °% ; 11-92 at 11-92 14°51 6°33 7-64 6°33 7:64 6°33 Lf 
Annual charge on capital, ce e 8-0 8: 8-0 8-7 6:7 7°5 6-7 7°5 6-7 ge 
Effective annual charge on uae - 8-95 9 37 8:95 9:97 7:12 8-07 7:12 8:07 7:12 8-07 
Capital charges (including - ole on ini- e 13 
tial fuel) .. , .. 055-056 0:61-0:62 0:47-0:48 0:52-0:53 0-14 0:16 0-12 0-13 0-12 ( HE 
Fue! replacement charges . ar .. 0:17-0:19 0:17-0:19 0:17-0:19 0-17-0-19 0-37 0-37 0-37 0:37 0-48 os 
Works operating costs ; 0-06 0:06 0-05 0-05 0-05 0-05 0-05 0-05 0-05 0-05 
rOTAL GENERATING C ‘OSTS ‘d/u.s.o. 0:78-0:81 0 84-0:87 0:69-0:72 0:74-0:77 0-56 0-58 0-54 0-55 0-65 te 
TOTAL GENERATING COSTS d/u.s.o. 0:70-0:77 0-74-0'81 0-59 0-66_ 0- 63-0: 0-70 0:56 0-57 0-53 0:54 : 0:64 - 0-65 
3. The capital cost to give a specific unit cost. l 
Suppose a unit cost of 0-7d is required, the interest rate "SNe OR 
being 6% and the LF 0-75. Then, with a life of 20 years sd es 
and an efficiency of 28%, the total capital cost will need a (is, & 
to be £105/kW. This is a target capital figure and does not -— 


mean it can be obtained. The station size will have an 
influence on this possibility. +0. 
4. The value of an improvement in efficiency. 

If the same example as item 3 above is taken except that 
the efficiency is 30%, then to obtain a unit cost of 0-7d 
the total capital cost can now rise to £110/kW. The dif- 
ference of £5/kW is thus a measure of the value of an 
improvement in efficiency. The two capital costs, £105 at 
0:28 7 and £110 at 0:30 7, both giving the same unit cost, 


capita/ charge 











60 80 /00 120 /40 60 180 





























are thus eq uivalent capital costs. £/kW including interest during construction 
5. Comparison of capital costs of station designs at differ- ed 1 oe ome 
ent efficiencies. gor | ag = 
This is done by comparing capital costs on the basis of 5 ee 
the same efficiency. Equivalent capital costs for one or =$ SEa SRLS. S%2Oy _— x 3% 25), 
other of the stations may need to be obtained in a similar as 1 1 og 
0.32 
manner to item 4. a __pence 025 O78 9 
Take the case of the 500 MW station having a capital 3 | ae | 
cost of £120/kW at 0:26” and a hypothetical later design = O2—- in iad 
giving a capital cost of £110/kW at 0-28 7. The equivalent & = ata 
capital cost of the later design at 0-26 » is (from Figure 1) + | | - 
£105/kW. Thus there is an improvement of £15/kW. e g g Fe, 
3 F a 

‘ ; u! 
6. Comparison of unit costs for the same capital cost, ~ oe S = \ 1 ! 
including and excluding the interest on capital during con- Or 025 a a 

a Tae efficiency 
Sfruction., Su | 
Taking the values for the 300 MW nuclear station given 5 8 —- 

- . ro . a 

in Table I for the interest rate of 5°., then from Figure 1, ° Nl n i 1 1 

° . ‘ 2 . 3 4 
reading for the capital cost of £145/kW from each of the ated pl - 


two vertical scales, 
figures: 

a. 0-802d including the interest charges. 

b. O:-752d without the interest charges. 
These figures agree with the comparative figures given in 


> ge > follow y j *OS ‘ : 
we get the following two unit cost Relation between the component parts of unit cost and 


the variables on which they depend (Fig. 4) 


Variation of capital cost with station size 





Table I. 


An allowance should be made to cover purchase expenses 
when assessing the total capital cost of a station. For sta- 
tions bought by the CEGB, this seems to be in the order 
of £10/kW. This figure will vary from purchaser to pur- 
chaser, particularly if overseas countries are involved. 

Adjustments may need to be made to the unit cost to 
take into account departures from the standard values of 
fuel rating, burnup, fuel-credit, and fuel transport costs. 
lhe allowance can be obtained from Table 2. 


NUCLEAR POWER September 1959 


A familiar curve is that of £/kW against station size. It 
has been shown that capital cost of a station can vary with 
different efficiencies and it is therefore only correct to draw 
this graph as a single line for stations of the same effi- 
ciency. The line will expand into a band when other effi- 
ciency values are taken into account and will appear as 
in Figure 5. The lines of 0:28 7 have been drawn in line 
with the actual or expected capital cost of stations. The 
lines of 0:32 7 have been derived from Figure 2 which 
means they are equivalent values for a station of 0°32 7. 
The actual value for a station of this efficiency may come 
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inside the band with the resultant saving in unit cost pre- 
viously discussed. 

It is also known that for a station of a given net out- 
put it is more expensive to have two reactors than a single 
reactor. On this basis, the curve of £/kW against station 
size should be for a station of the same number of reac- 
tors. Thus, any curve which joins together values of single 
and two-reactor stations does not give a true trend of 
costs with station size. A curve has been drawn in Figure 
5 for single-reactor stations and its difference from that 
for two-reactor stations is clearly marked. This curve is 


again for a single efficiency of 0-28 a range of capital 


/80} \ 
/70} 


160} equivalent copital cost at 0.32%p 
(<] 


of capito/ costs of 0.28 %, 







/SO} 


two-reactor 
stotion 


single-reactor 
stotion 


copita/ cost £ 


Variation of capital 9%} 

cost with station } 

size at different | 

efficiencies. These 7} 

figures exclude the 60 | 

purchaser's capital 

expenses (Fig. 5) © 100 200 300 400 500 600 
Sfotion size MW 

values for different efficiencies would also be obtained. 

Where the curves are shown dotted, the trend is not sub- 

stantiated by any actual information. 

When Figure 5 is to be used to obtain a station size. 
the capital cost should be associated with an efficiency of 
0-28 9. Capital cost in £/kW at other efficiencies should be 
converted to an equivalent £/kW at 0-28 » before the 
curve is used. Figures 1-3 are total costs and Figure 5 
must be kept up to date with the latest capital costs. This 
curve has limited value as it is based on a standard site 
and civil costs can vary considerably with the site condi- 
tions. 


Economic selection of station size 

The curves in Figure 5 can be used together with the 
previous curves to give an indication of station net output 
to produce power at a given unit cost or to indicate the 
feasibility of doing so. The capital cost to give a specific 
unit cost, is obtained from the applicable graph. After 
reducing this capital value by an allowance for the pur- 
chaser’s capital expenses, the net output of station can be 
read off from Figure 5. The resultant net output would be 
a marginal size. A larger station would yield an improve- 
ment over the specified conditions. 

If the resultant purchase capital cost is below £95/kW 
it is unlikely that the specified conditions can be met: 
therefore they must be examined to see if any change is 
possible to allow a higher capital cost. 

This curve may be used in the reverse manner to give 
an approximate unit cost for a given size of station. 


Comparison of nuclear and conventional costs 

In the Geneva paper (No. 1446) * Economic aspects of 
the United Kingdom nuclear power programme’ by J. C. 
Duckworth and E. Hywell Jones, a table was presented 
giving a comparison in generation costs between nuclear 
and coal-fired stations. 

This table has been reproduced (Table 1), modified to 
take into account the interest on capital during construc- 
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Standard conditions used for Figures 14 
and allowances for variations 


TABLE Il 

1. Initial fuel cost £20,000 /to ne 

2. Plutonium credit value £5000 / to. 16 
a. Assumed to include transport costs 


b. The fuel replacement cost is increased by 67 _ for 
each £1000 by which the credit value is reduced 
(approx 001d per £1000 reduction) 


3. Fuel burnup £3000 MWd/ tor x 
a. A reduction of 0-005d per unit is obtained per 
100 MWd_/t increase in the burnup. This reduction is 
dependent on the initial fuel cost and the plutonium 
credit value remaining the same with increased burnup 

4. Heat rating of fuel 263 MW /tor 


a. The unit cost will increase by 0-003d per unit for each 
decrease of 0-1 MW /t in the fuel rating 

5. Fuel in stcre 8° of initial value of « 
a. Based on 3 months supply of new and irradiated fuel 
b. J/rradiated fuel taken as plutonium credit value 
Operational costs 0-05d per unit at 0°75 | 
Construction time ; 44 years 
Interest on capital during construction has been taken into 
account in the unit cost figures 
£/kW scales are total figures and should include a sum 
for purchaser's engineering charges 


2 SIS 


tion. Taking a given burnup rate, efficiency and load fac- 
tor, the fuel replacement costs should not vary more than 
0-17-0-19d/u.s.o. Therefore, this range of values has been 
used to replace 0-13-0-19 given in the original table. 

The same coal costs have been taken as in the original 
table. These are based on 73s a ton for a low fuel cost 
site and 93s a ton for a high fuel cost site. (11,000 B.t.u. 
per Ib.). The construction period for a coal-fired station 
has been taken as 2} years and payments have been 
spread over this period. 

The increase in unit cost of the coal-fired station made 
by including interest on capital during construction is 
small and it indicates that no appreciable error was intro 
duced by neglecting this factor. The increase in unit cost 
for a nuclear station is considerable and, when in the 
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o7 nuclear station (£/20/kW) 







coo/ fired station 
(high fuel cost site} 


Variation in unit 
cost with load fac- 
tor assuming 5 
interest and a 20 
year life and using 
the values given in = 
Table Il (Fig. 6) 070 O75 080 O85 090 O95 
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original table it lay between the unit cost of high and low 
fuel cost coal stations, the increase has now taken it above 
either, thus disturbing the competitive nature of the com 
parison. 

Taking a unit cost midway between that of a high fuel 
cost site and a low fuel cost site, a figure of O-6d is 
obtained. This then should be the target for nuclear power 
costs. 

It has been suggested that nuclear stations should be 
operated at higher load factors to bring the cost down 
The cost of conventional power will also be reduced by 
this step and therefore, any comparison must be at the 
same load factor. Curves have been drawn in Figure 6 
to demonstrate the effect of load factor on unit cost. 

With the range of stations given in Table 1, it is seen 
that the nuclear stations (£120/kW) only become com- 
petitive with the high fuel cost coal station at a load factor 
of 0:87 which is unlikely to be obtained and gives a severe 
restriction on the application of nuclear stations. Figure 6 
shows that it is necessary to come down to £100/kW for 
the specified conditions before the unit cost becomes com- 
petitive with a modern coal-fired station. 
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" a new Act of Parliament, the 
>f its kind in the world, all nuclear 
ir ations will have to be 


licensed 


inspected by the Ministry of Power 


Licensing and insuring nuclear plant 


by L. J. BLOM-COOPER, Our Legal Correspondent 


ITH THE PASSING of the 
W Nuclear Installations (Licensing 
and Insurance) Act, 1959, nuclear 
energy. harnessed for industrial and 
commercial power, has come of age. 
A forbidding title to an Act of Parlia- 
ment, ushered in almost unnoticed in 
the closing stages of this Parliament, 
conceals a piece of legislation (the first 
of its kind in any country) which con- 
fers Parliamentary sanction to the 
Electricity Boards’ programme of 
nuclear power stations and to the 
building of research stations by pri- 
vate industry. 


Only land-based plant covered 

The Act falls conveniently into three 
compartments: the licensing of all 
nuclear installations by the Minister 
of Power, compensation for those suf- 
fering damage to person and property 
from any ionizing radiations emitted 
from a nuclear installation, and a 
scheme of compulsory insurance to be 
adopted by those who become licensees 
of any nuclear installation. The legis- 
lation is concerned with nuclear * sites ° 
and therefore does not purport to 
cover any nuclear-propelled ship or 
aircraft. But the Government is not 
unaware of the impending possibility 
of the employment of nuclear power in 
these two fields, and, in view of the 
international character of ships and 
aircraft, is negotiating with other 
countries for a convention to control 
the future use of such ships and air- 
craft. 

The Act has in mind primarily the 
licensing of the five nuclear power sta- 
tions, now at various stages of con- 
struction, to be owned and operated 
by the CEGB and South of Scotland 
Electricity Generating Board; the 
Atomic Energy Authority is specifi- 
cally included in the Act’s operation, 
with modifications. It also contem- 
plates that, increasingly, private indus- 
try will be building research reactors 
which similarly must be brought under 
Governmental supervision. Apart from 
nuclear reactors, the Act covers instal- 
lations for the production, disposal or 
treatment of radioactive matter and 
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may include establishments such as 
universities and hospitals. Although 
the Government does not intend that 
such institutions should be subject to 
the Act’s provisions, it was found 
necessary to legislate broadly to cover 
in the future those cases where it is 
clear that the radioactive material will 
be present on a sufficient scale as to 
require licensing. Whether any hospi- 
tal or university will require to be 
licensed has been left to the Minister 
to deal with by regulations which are 
subject to Parliamentary control. 

The purpose of the Act is not to 
permit anyone to do anything but to 
stop him doing anything without pro- 
per supervision and licensing. This 
preventive aspect of the Act rein- 
forces the powers which were given 
hurriedly, and without any idea of the 
future potentials of nuclear energy, to 
the Government under the Atomic 
Energy Act, 1946. The imperfections 
of control in that Act—no power to 
vary the terms of the licence or to 
control the licensee after his site had 
closed down—necessitated an entirely 
fresh start. 


Army of inspectorate 

Just as the safety of workers in fac- 
tories has depended in large measure 
on the factory inspectorate set up 
under the Factories Act, 1937, so 
nuclear energy, in the interests of 
safety in the operation of reactors, will 
demand its own army of inspectorate. 
The Act vests the right to control all 
nuclear installations in the Minister 
of Power ; it wisely avoids any details 
of the nature of conditions which may 
be attached to licences. The conditions 
are likely to be highly technical, ad- 
vised on by the inspectorate and the 
Nuclear Advisory Safety Committee, 
and as such unsuitable for legislation. 
But a code of safety precautions will 
be devised by the inspectorate. Already 
the Government has appointed Major- 
General S. W. Joslin, previously 
Deputy Director (Personnel) of the 
AEA‘s Industrial Group, to become 
the first Chief Inspector of Nuclear 
Installations. 


The one political aspect of the Bill, 
which produced the party wrangle in 
Committee stage in the Commons for 
four days, is contained in a harmless- 
looking provision that states that a 
licence may be granted only to a 
‘body corporate.’ The Labour oppo- 
sition sought to restrict the provision 
to ‘statutory undertakings, meaning 
only the Government institutions or 
nationalized Corporations. But this 
would have excluded the development 
of prototypes and the research work 
by private industry. The attack by 
Labour members on this provision led 
to the disclosure that Rolls Royce 
Ltd. were already making the fuel ele- 
ments for nuclear submarines under 
contract from the Ministry of 
Defence. 

The Minister of Power will have 
absolute control over the licensing 
system. He can order more or less 
stringent conditions to the licence and 
may if necessary revoke a licence. In 
this period of great activity in take- 
over bids the attempt was made to 
include a provision that a change in 
the control of a licensee company 
would operate as a revocation of the 
licence. The Government rejected the 
amendment but clearly indicated that 
any change in a company’s directorate 
would cause the Minister to review the 
ability of those operating a licensed 
nuclear installation to fulfil the con- 
ditions of the licence. 


Liability channelled to operator 


Where prevention of nuclear acci- 
dents fails, the cure and remedy are 
provided in the Act in elaborate, and 
in parts ill-drafted, sections. It has be- 
come widely established in countries 
of Western Europe that liability for 
nuclear accidents must be an absolute 
one upon the operator. At the same 
time it has been thought highly con- 
venient to channel this liability to one 
person—the operator of the reactor. 

This fixing of liability on one per- 
son, the licensee under the Act, pre- 
vents the complication of a series of 
cross-actions to determine who is 
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liable for an accident, a frequent 
occurrence in the Law Courts in or 
dinary accident cases. And it greatly 
facilitates the establishment of ade- 
quate financial security by way of in- 
surance. Certainly the insurance mar- 
ket would be greatly hampered, if not 
frustrated, in assessing the risks of 
several prospective assureds. 


Insurance up to £M5 required 

The licensee will be absolutely liable 
for injury to any person or damage 
to any property, wherever caused, 
from any ionizing radiations from the 
licensed site. The only exception to 
this liability is injury or damage attri- 
butable to ‘ hostile action in the course 
of armed conflict.. The licensee is 
obliged to provide security—in prac- 
tice it will always be by way of insur- 
ance—up to an aggregate amount of 
£5 million for a period of ten years in 
respect of one installation. The amount 
of £5 million is not an actuarial calcu- 
lation but the sum of money which the 
insurance market was prepared to 
carry as risk over ten years. 

If the liability of a reactor owner 
exceeds £5 million there is no liability 
to meet the excess. That would be the 
sort of major national disaster the 
system of licensing and inspection is 
designed to make impossible. If such 
a disaster were to occur it would be a 
case in which it is customary for the 
Government to step in, comparable 
to the East coast floods of 1953. 

The Act makes three concessions 
to a prospective claimant against a 
reactor owner. The claimant does not 


have to prove that the licensee, or 
anyone acting under his direction, has 
been negligent. That is the main effect 
of absolute liability: the licensee can 
however mitigate the extent of his 
damages so far as the claimant contri- 
buted to his own injuries. A person, 
moreover, may register with the Min- 
istry that he was in any area at the 
time of a nuclear accident. The effect 
of registration is to put the burden of 
proving in any future claim that the 
claimant was not present in the area 
upon the licensee. 

The most important concession is 
that the claimant will not have to pre- 
sent his claim within three years which 
is the statutory limit for all injury 
claims. During its passage through 
Parliament the time limit was changed 
from ten years (which is the time limit 
in the proposed OEEC Convention on 
third part liability) to thirty years. 
But where a claim is established which 
does not fall within the obligatory 
period of coverage, no payment need 
be made until Parliament has provided 
that the amount of the claim is to be 
reimbursed to the licensee. 


Waste disposal and local authorities 

The Act has also presaged further 
legislation in the field of nuclear 
energy in introducing local authorities 
to the licensing scheme in connexion 
with the disposal of radioactive waste. 
In any application for a licence the 
Minister may direct that notice of cer- 
tain particulars be served on a local 
authority, a River Board, any local 
Fisheries Committee, or statutory 


water undertakings, but not on an 
electricity board operating a ge er- 
ating station. And the Minister ray 
consider any representations f\ m 
these organizations on the form of 
conditions to be attached to ny 
licence. 

Under the Atomic Energy Autho ity 
Act, 1954, the central Government as 
to be responsible for the disposal of 
radioactive waste for seven years, by 
which time the local authorities wo :ld 
be fit to take over this responsibil ty. 
A provision in the Act whereby Ic -al 
authorities are introduced to problems 
of waste will serve to interlock wth 
legislation which will be required by 
1961. 

The tenor of the Act is clearly pre- 
ventive in outlook. If in volume the 
Act’s provisions are more concerned 
with cure and remedy, it is clear from 
the debates in Parliament that ihe 
legislators regard the establishment of 
a highly efficient inspectorate as the 
Act’s prime purpose. The qualifica- 
tions of inspectors for the field of 
nuclear energy will of necessity have 
to be of a high order. Whether such 
men are forthcoming is perhaps the 
outstanding problem of this fast-de- 
veloping industry. The lack of num- 
bers of highly qualified men was impli- 
cit in the Fleck Committee’s report 
on the Windscale accident; the 
awaited report of a Committee under 
Sir Douglas Veale on the training re- 
quirements for nuclear health and 
safety staff is likely to be the key to 
the success which the Act clearly anti- 
cipates for the nuclear energy industry 





Organizing the new Inspectorate 


DURING the next few months, a 
number of Orders in Council will be 
issued by the Government to bring 
the provisions of the Act into force. 
While this is the first time that 
nationalized undertakings and industry 
have been controlled by such a licens- 
ing system, a parallel system has ex- 
isted for many years covering the 
manufacture and handling of explo- 
sive substances. The explosive regula- 
tions, under the authority of the Home 
Secretary, indicate the broad lines of 
control necessary and although Major 
General S. W. Joslin, the new chief of 
the Ministry of Power Inspectorate, is 
at present only reviewing the general 
policy covering his coming duties, he 
must be working on similar lines. 

To set up a workable licensing sys- 
tem, it will be necessary not only to 
investigate the end product of any 
particular installation but to be kept 
fully informed right from its initial 
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inception and consider the associated 
authorities involved. 

The first fact to be established is 
that the operating body is financially 
substantial and either capable of hold- 
ing adequate funds to comply with the 
Act or to finance necessary insurance. 

The location of the installation is 
the next factor to be evaluated, when 
consideration will have to be given 
to the surrounding density of popula- 
tion against the nuclear power in- 
stalled. At the same time, meteorolo- 
gical, hydrological and geological con- 
siderations will have to be taken into 
account. 

The design details of the plant will 
have to be approved as incorporating 
all necessary practical safeguards by 
way of materials, fabrication and 
operating equipment. 

When the radioactive material has 
been introduced into the installation, 
the inspectorate will have to ensure 


that proper equipment and techniques 
are employed at all times during hand- 
ling and storage. Parallel with this, it 
will be necessary to ensure that ade 
quate monitoring procedures are car- 
ried out. 

With the establishment of relevant 
material and equipment specifications, 
to get ‘a clean bill of health’ from 
the inspectorate, personnel will be- 
come subject to control in that all 
operations will have to conform to a 
pattern approved by the Ministry con- 
cerned. In view of the long periods 
covered by liability under the Act, it 
will be essential that full detailed re- 
cords are maintained and be readily 
available at all installations. 

Already Major-General Joslin has 
visited the only privately-owned re- 
search reactor in the UK—Merlin 
and, in due course, when the relevant 
Order in Council has been made, will 
be issuing an operating licence for it 
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wing our recent articles on the principles, efficiency 
applications of radiation detectors, we begin a 
series on the associated electronic techniques 


Electronics for radiation detection 
I. Lypical systems and pulse amplifiers 


1. INTRODUCTION 
1.1 D.c. measurements 

Che mean current produced in a radiation detector is 
a measure of the incident flux. Strict proportionality 
between incident flux and current is maintained over 
many decades in ionization chambers and scintillation 
counters. The current in an ionization chamber is 
almost independent of the polarizing voltage applied to 
the chamber, provided that the voltage is high enough. 
In a scintillation counter, the current at the anode of 
the photomultiplier for a given photocathode current 
is proportional to V" where V is the applied voltage 
and n is about 6 for most photomultipliers. Conse- 
quently, in this case the supply voltage should be stabi- 
lized to a high degree if an accurate measure of the 
flux is required. Finally a geiger counter can be used 
only over a limited range of flux, but proportionality 
is not maintained even over this range, owing to the 
long dead time after each discharge. 

The mean current in scintillation counters is of the 
order of 107 A or greater so that no difficulty is en- 
countered in the measurement of current, On the other 
hand, ionization chamber currents vary from about 
10®A down to 10°*A. Thus the measurement of 
small currents from ionization chambers presents many 
problems. Considerable precautions have to be taken 
in the manufacture and handling of all insulators asso- 
ciated with the collector of the chamber. The current 
is usually passed through a high value resistor and the 
voltage developed across it is measured by a d.c. amplli- 
fier in a feedback arrangement. The d.c. amplifier uses 
an electrometer valve in the input stage and when the 
current is of the order of 10-* A or less it is preferable 
to use a vibrating reed electrometer. It is difficult to 
obtain high accuracy at low currents owing to zero 
drift in the d.c. amplifier and drifts in the value of 
the input resistor. At low currents the technique of 
measuring the voltage developed across a capacitor 
of known value when the current is allowed to flow for 
a fixed time is often employed. D.c. amplifier techniques 
and instruments have been described elsewhere (/, 2). 

Measuring a radiation flux with a d.c. system involves 
relatively simple equipment and the normal operation 
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of the equipment involves simple controls, such as 
range switches. Extremely compact portable instru- 
ments of this type to measure a wide range of flux 
can be manufactured, and the reliability of these instru- 
ments is of a high order, except at low currents when 
the accuracy deteriorates. An important advantage of 
a d.c. system is that it is possible to indicate a large 
range of flux on a logarithmic scale with a relatively 
simple amplifier. Such amplifiers are used extensively 
in health and reactor instruments. 


Simple pulse counting system and associated pulse shapes (Fig. 1) 
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1.2 Pulse counting systems 

Low intensities of radiation are measured with pulse 
counting systems. A pulse counting system overcomes 
the inaccuracy of d.c. systems at low intensities and 
enables the experimenter to eliminate unwanted pulses 
by the use of discriminators, single channel analysers 
and coincidence circuits. The simplest uses a geiger 
counter and a scaler or a counting rate meter. The 
pulses from some geiger counters are large enough to 
operate the more sensitive scaling circuits. It is, how- 
ever, general practice to use a cathode follower or a 
quenching unit which reduces the counter voltage be- 
low the threshold for a predetermined time as soon 
as the counter produces a pulse. Non-self-quenching 
counters require a large resistive load and will not 
Operate satisfactorily with most quenching units, This 
is due to the low impedance presented by the quenching 
unit and the finite probability of a counter discharge 
occurring during recovery time of the quenching circuit 
from a previous discharge. A quenching unit used with 
a self-quenching counter enables accurate corrections 
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Typical pulse shapes 

produced by three 

amplifier circuits 
(Fig. 2) 





to be made for the dead-time of the system and reduces 
the extent of the discharge in the counter when the 
circuit is sensitive and fast, particularly with large 
counters, thus giving a useful increase in the life of 
the counter. 

A simple counting system using an ionization cham- 
ber, a proportional counter, or a scintillation counter, 
requires a pulse amplifier and a pulse amplitude dis- 
criminator in addition to a scaler or counting rate 
meter, as shown in Figure |. The pulse amplitudes 
from ionization chambers and proportional counters 
lie in the region of a few hundred microvolts to a few 
millivolts. The noise level referred to the input of the 
amplifier is not usually negligible, and hence the shape of 
the pulse at the output of the amplifier is determined by 
carefully chosen circuits. The discriminator is necessary 
to eliminate noise pulses and produce a standard out- 
put pulse for each signal pulse exceeding the threshold 
of the discriminator. The gain required in the ampli- 
fier depends on the amplitude of the pulses from the 
detector and the threshold level of the discriminator. 
Since threshold levels of about 100mV are obtained 
with some of the recently developed discriminators, the 
voltage gain required is only about 10°. The threshold 
level of other discriminators is better specified in terms 
of current input and in these cases a threshold of 
100 »A is obtainable. The amplifier required in these 
cases should have a transconductance of a few hun- 
dred mA/V. Some of these discriminators will be des- 
cribed in a later article. 

Pulse amplifiers for use with proportional counters 
and scintillation counters should have good gain stabi- 
lity and linearity, freedom from blocking on overload 
pulses and, in some applications, a very low noise level. 
Gain stability and linearity of better than 1% are usual 
requirements and this can be achieved by using nega- 
tive feedback in valve or transistor amplifiers. The over- 
load problem in an amplifier is somewhat more diffi- 
cult to solve, particularly when the amplifier has to 
handle a high mean rate of pulses. Certain recent de- 
signs of amplifiers have good overload characteristics 
with a dead time of only a few microseconds after an 
overload pulse of a few hundred times the normal 
input. All problems on the amplifier are eased as the 
threshold level of the discriminator is reduced so that 
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continuous effort is being devoted to the design 
discriminators with low threshold levels and acceptab e 
stability of threshold. The circuit and valve requii 
ments for low noise amplifiers are well known and 1 
cent developments have made it possible to obtain co: - 
sistent low noise performance from valve amplifiers. 

Transistor amplifiers do not provide the ultimate k 
noise performance obtainable with valves, although tle 
development of special low level transistors may mab: 
it possible to use them in many amplifier applicatior 
Transistor amplifiers can be used with scintillatic 
counters since the signal pulses at the anode of a phot 
multiplier are rarely less than 10 mV. 


1.3 Spectrometry 

The simplest arrangement for the analysis of the 
pulse amplitude spectrum from a detector consists of 
a pulse amplifier, a single channel pulse amplitude 
analyser, and a scaler or counting rate meter. The single 
channel analyser produces a standard output pulse fi 
each input pulse whose amplitude falls within two 
limits EF and E + 8E. The threshold level or bottom 
level E and the window width 8F of the analyser are 
variable independently. In order to obtain the complete 
spectrum, the counting rate at the output of the analyse: 
is plotted as a function of FE with 5£ maintained con- 
stant. In order to obtain an undistorted spectrum, the 
mean rate at the input to the analyser should be quite 
low, particularly when a complex spectrum with closely 
spaced peak is being plotted. It is also necessary to 
use a window width 5E much less than the width of the 
peaks and a scanning rate slow in relation to the time 
constant of the counting rate meter and recorder. 

The use of a multichannel pulse amplitude analyser, 
which counts each accepted pulse in the channel appro- 
priate to its amplitude, is often preferred. The time 
necessary to accumulate the counts over the spectrum 
to the same statisiical accuracy as a single channel 
analyser is not always reduced by a factor N where 
N is the number of channels of the multichannel ana- 
lyser. This is due to the fact that the dead time of a 
multichannel analyser is greater than that of a single 
channel analyser. In some of the multichannel analysers 
using amplitude-to-time conversion for channel selec- 
tion, the dead time is greater than N times that of a 
single channel analyser. In these cases the improvement 
obtained by using a multichannel analyser is not neces- 
sarily due to the shorter time to accumulate a given 
number of counts. At moderate counting rates, parti- 
cularly for measurements on short lived sources or 
particles from accelerators, it is essential to use a multi- 
channel analyser to obtain the true spectrum. 

The energy spectrum of heavy particles of known 
mass can also be measured by time-of-flight techniques. 
The spectrum of the time-of-flight over a fixed dis- 
tance is recorded in a multichannel instrument by using 
standard timing pulses which are locked to a pulsed 
source of particles to select the various channels in 
turn. This technique can be used to measure times of 
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flight down to a few microseconds. For shorter times 
of flight, instruments of this type are difficult to design, 
since they require many high speed switching circuits. 
The alternative method is to generate a pulse whose 
amplitude is proportional to each time of flight and then 
analyse these pulses in a multichannel analyser. This 
type of instrument can only record one particle for 
each pulse from the source, but has the advantage that 
it can be used to analyse times of flight down to a few 
nanoseconds. 
2. PULSE SHAPING 

lhe use of correct shaping circuits plays a vital part 
in the determination of the nature of each particle 
which produces a pulse in the detector. CR, LCR or 
delay line circuits, whose values depend on the type 
of detector and the parameter of the particle of greatest 
interest, are used at suitable stages in the amplifier. 
Typical pulse shapes are shown in Figure 2. The col- 
lection time in normal ionization chambers is strongly 
dependent on the position of the track of the particle, 
and the use of a gridded chamber reduces this variation. 
Variations in collection time also occur in scintillation 
counters, particularly with large area photocathodes. 

The normal practice is to use CR differentiating and 
integrating circuits because of their simplicity. The dif- 
ferentiating time constant 7, is made about equal to 
the integrating time constant 7, and each of these is 
made at least 3 times that of the collection time 7 of 
the detector. The use of differentiating time constants 
comparable to the collection time makes the pulse 
height dependent on the collection time (3). This is 
undesirable when strict proportionality between pulse 
height and particle energy is required. The stability of 
the values of 7, and 7, is important for precise mea- 
surements of energy, since a change in the value of 
T’,/T. by 10% causes a change in the amplitude of the 
pulse by greater than 1%, as seen in Figure 3, where 
V, and V,, are the amplitudes before and after shaping. 

The use of delay lines for pulse shaping offers con- 
siderable advantages at high counting rates. The tail of 
the pulse falls off more rapidly with a delay line shap- 
ing circuit than with a CR circuit. It has been shown 
(4) that the resolving time of the delay line shaping 
circuit is about half that of a CR shaping circuit for 
a given value of integrating time constant 7,. Alterna- 
tively, for a given resolving time, the delay line system 
improves the signal-to-noise ratio for ion chamber appli- 
cations by about 40%. The use of a double delay line 
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shaping gives further improvements at high counting 
rates as described later. 

When it is necessary to determine the instant of 
entry of the particle in the detector, it is desirable to 
make the amplifier rise time shorter than the collection 
time in the detector. The upper cut-off frequency of 
the amplifier is then much higher than that necessary 
to give the best signal-to-noise ratio. When the time 
of arrival and the energy of the particle are to be deter- 
mined with precision, it becomes necessary to use two 
parallel channels of amplification. Such parallel chan- 
nels are often used in coincidence experiments, the 
block schematic of the arrangement being shown in 
Figure 4. This allows the analysis of the spectrum of 
those particles which fall on detector | at the same time 
as a particle incident on detector 2. 

The shape of the light pulse from certain scintillators 
is characteristic of the type of radiation (6, 7). The 
pulse shapes at the output of a fast photomultiplier 
looking at anthracene for gamma rays and neutrons are 
shown in Figure 5. The ratio of the slow component to 
the fast component is greater for neutrons and suitable 
shaping circuits can discriminate between gammas and 
neutrons. Two methods of discrimination may be used 
and the principles of one may be seen from the block 
schematic shown in Figure 6. A flat topped pulse whose 
height is proportional to the peak of the current pulse 
from the photomultiplier is compared with the inte- 
grated current pulse. With suitable values of gain in 
the amplifiers, the amplitude of the integrated pulse will 
be higher than the stretched pulse for neutrons and 
lower than the stretched pulse for gamma rays. The 
comparator will give an output at one of two terminals 
depending on the nature of the incident radiation. The 
second method of discrimination suggested by R. B. 
Owen (6) depends on saturation of the photomultiplier 
on the fast component which can be made to produce a 
negative pulse on the last dynode for gamma rays and 
a positive pulse for neutrons when the final anode volt- 
age is kept at a low value. 

3. PULSE AMPLIFIERS 

The total voltage gain required in a complete pulse 

amplifier depends on the type of detector and on the 


Pulse analysis with a coincidence gate (Fig. +) 
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Neutron and gamma excited pulses in anthracene (Fig. 5) 


threshold level of the discriminator or the analyser con- 
nected to the output of the amplifier. Most analysers 
and many of the earlier discriminators require input 
pulses in the region of 5 to 50 volts. The amplifier gain 
will then require to be about 100 or slightly greater for 
scintillation counters and about 10° for ionization cham- 
bers and some proportional counters. The total gain of 
10° is usually obtained by using three amplifier sections, 
each providing a gain of about 100. The necessary pulse 
shaping circuits are placed between the sections. Each 
amplifier section has adequate feedback to obtain an 
overall gain stability of better than 1%. With the sensi- 
tive discriminators it is often unnecessary to use an 
amplifier for scintillation counters, and the shaping is 
then done in the anode circuit of the photomultipliers. 


3.1 The ring of three amplifier 

The circuit diagram of a widely used amplifier sec- 
tion (8) is shown in Figure 7. A fraction of the output 
voltage is fed back to the cathode of V, through the 
potential divider consisting of R, and R,. In the absence 
of feedback the pulse rise time is limited by the stray 
capacitances at the anodes of V, and V., and the shorter 
of the coupling time constants will determine the droop 
on a long pulse. The main purpose of the negative feed- 
back is to stabilize the gain against drifts in valve 
characteristics or power supplies. It can be shown that 
the gain bandwidth product obtained with this feedback 
amplifier is the same as that of an unfedback amplifier 
using V, and V., the main purpose of V, being to pro- 
vide the necessary low impedance to the feedback cir- 
cuits. The design is based on the knowledge that the rise 
time constant is approximately C,R, and the gain is 
approximately equal to R,/R,. The value of R, should 
not be so high that it reduces the gain of V, but the value 
of R, + R, should not be so low that the gain of V, 
falls much below unity. Increasing the values of R, and 
R. will increase the loop gain and hence the gain stabi- 
lity, but an upper limit to these values is reached when 
the high loop gain produces an overshoot of the output 
pulse in response to a step input. C, is normally equal 
to C., assuming that V, and V. are almost identical 
and, in order to simplify the design, R, is made equal 
to R.. In the final design of the amplifier, the following 
conditions will hold: 


98 


R, < 1/2 
R,+ R,> 1/2 
A' = A/(1 + BA) 
A= 2*R,R, 
and C;R; = 2C,R,/{1 + 1V(1 + BA) 
where g is the slope of each valve, A is the unfedb ick 
gain, A’ is the fedback gain and 8 = R,/(R; + R,). 
This amplifier has a low output impedance and ex :el- 
lent gain stability, almost up to the top cut-off _re- 
quency. In practice a gain of 100 with a bandwidth of 
4 Mc/s can be obtained with CV138 valves. Owing to 
the complex nature of the output impedance the am 5li- 
fier will oscillate at a high frequency if a large capsci- 
tance shunts the output. When feeding such a capacit:ve 
load, a resistance of about 1000 is placed in series with 
the output. 


3.2 Transistor amplifiers 

Transistors have been used very successfully in many 
circuits in pulse counting equipment. The use of tran- 
sistors in pulse amplifiers presents many awkward prob- 
lems. The first of these is that the use of transformers 
is precluded, since the amplifier itself must have a wide 
bandwidth when the effect of the pulse shaping circuits 
is ignored. Although wide band amplifiers using trans- 
former coupling have been described (9), the frequency 
response curve of these amplifiers is not flat over the 
useful range and is strongly dependent on a number of 
parameters which cannot be controlled, with the result 
that the transient response will not satisfy the require- 
ments for detectors except in limited applications. 

The use of resistance coupled circuits can give satis- 
factory transient response but it involves the use of 
grounded emitter circuits. The cut-off frequency of such 
circuits is then very low so that it is necessary to use 
transistors with alpha cut-off frequencies in the region 
of 150 Mc/s or higher in order to obtain an overall 
bandwidth of a few Mc/s in the complete amplifier. 
The circuit of a current amplifier (/0) which has been 
used with radiation detectors is shown in Figure 8. This 
amplifier gives a current gain of 11 with a bandwidth 
of about 10 Mc/s. Owing to the drift of operating con- 
ditions of transistors with temperature, it is necessary 
to apply a large d.c. feedback from the emitter of J, 
to the base of J,. The medium frequency current gain 
is approximately equal to a(R; + R;)/R; where «a: 
is the current gain of J,. The output voltage from such 
amplifiers is limited to about 10 V and the current is 
limited to about 10 mA. This would necessitate the use 
of sensitive discriminators if the connexion between the 

Pulse shape discrimination by comparing a flat-topped 


pulse proportional to the peak current with the integrated 
current pulse (Fig. 6) 
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Ring of three amplifier (Fig. 7) 


amplifier and the discriminator is long, since a large 
part of the output power from the amplifier will be 
absorbed in the small resistor placed as a load across 
the connecting lead. A preferable technique is to build 
the discriminator in the same unit. 

A transistor is highly non-linear when operated with 
a voltage input, since the relationship between collector 
current /. and input voltage V, is given by an expres- 
sion of the form 


ev. 
I. = al,.(exp = SP Eee 
KT 


where « is the current gain, /,, and /,,, are the emitter 
and collector junction reverse saturation currents, K is 
Boltzmann’s constant, T is the junction temperature, 
and V, is the emitter-base (input) voltage. Consequently 
a high degree of negative feedback is required when 
transistors are used as voltage amplifiers. This, com- 
bined with the low and variable input impedance, makes 
transistors unsuitable as voltage amplifiers when a high 
degree of linearity is required. 


3.3 Sensitivity 

The ultimate sensitivity that can be achieved with 
any radiation detector is governed by the magnitude of 
the fluctuations present either in the detector or in the 
amplifier. In the case of the scintillation counter, one 
limit is set by the presence of thermal emission from 
the photocathode. Although the noise pulses are due 
to single electrons emitted by the cathode, the statisti- 
cal variations in multiplication make some of the noise 
pulses at the output equivalent to the pulse produced 
by two or more electrons multiplied by the average gain. 
Thus, scintillations which produce only a few photo- 
electrons are difficult to detect. Secondly the output 
pulse size has fluctuations due to the statistical variations 
in the number of photoelectrons produced by particles 
of a given energy. Improving the efficiency of the photo- 
cathode and the light collection from the scintillator 
therefore reduces the percentage fluctuations and thus 
improves the energy resolution. 

The energy resolution obtained with ionization cham- 
bers depends solely on the noise level of the amplifier. 
There are three possible causes of noise in this case. 
lhe noise due to thermal agitation in the input circuit 
is strongly frequency dependent since the input circuit 
is equivalent to a shunt-CR combination. By making 
this time constant very long compared to the differen- 
tiating time constant in the amplifier, the noise due to 
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the input circuit falls entirely outside the amplifier 
bandwidth and can therefore be neglected. The grid 
current of the first valve flowing into the input circuit 
and the fluctuations in anode current are the main 
causes Of noise. 

It can be shown (//) that the r.m.s. equivalent noise 
voltage V, due to a grid current J, is 

ee te 
2c? T, +T; 
where C is the total capacitance across the input. 
The r.m.s. noise voltage equipment V, due to shot 
noise in a triode valve is 
_ [— Le 
g TAT,+T>2) 
where g is the slope of the valve. 

In the above expression 7, and7, are the differen- 
tiating and integrating time constants in the amplifier. 
If we vary 7, and T., maintaining T, = T., the grid 
current and shot noise for a given valve will vary as 
shown in Figure 9. The noise is referred to the equiva- 
lent number of ion pairs since this will give a direct 
figure for the energy resolution of the system. Hence, 
for a given grid current and slope the noise has a mini- 
mum value at a particular time constant 7, given by 
SkTC? 

gel, 
It is seen that the time constant which gives minimum 
noise is a function of g and /,. To a first approximation, 
g is proportional to /,'* and /, is proportional to J, 
where /, is the anode current of the valve. Thus chang- 
ing the anode current will change the point of the mini- 
mum. It should be understood that if the amplifier is 
required to be used with a given time constant the oper- 
ating conditions of the valve which give the minimum 
noise may not correspond to a minimum of the total 
noise curve applicable to that set of conditions. 

Transistor amplifiers introduce more noise than valve 
amplifiers. The mean square noise current in the col- 
lector circuit is proportional to the collector current 
and depends also on the impedance of the input cir- 
cuits in a complex manner. In general the noise de- 
creases as the collector current is decreased until a 
point is reached when the current gain of the transistor 
begins to drop off, when the noise referred to the base 





Current pulse amplifier using transistors (Fig. 8) 
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Delay line pulse shaping circuit (Fig. 10) ; 
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increases with decreasing current. This occurs at col- 
lector current of the order of 100 »A. Since the alpha 
cut off frequency f, also depends on the collector cur- 
rent, the choice of optimum collector current is largely 
empirical. In general, transistors are about ten times 
worse than valves for these applications as far as noise 
is concerned. 


3.4 Overload conditions 

One of the biggest problems encountered in the use 
of amplifiers with proportional counters and scintilla- 
tion counters is due to the large range of pulse ampli- 
tudes under certain conditions. If the interest is centred 
on the X-ray peaks in a scintillation counter, the largest 
pulses due to energetic gamma rays may well be 20 
times greater. The large pulses will cause the charging 
up of coupling capacitors due to grid current in a valve 
amplifier or due to excessive base current in a transistor 
amplifier due to saturation. At the end of the large 
pulse the output will overswing and return to the base 
line with a long time constant. This will cause errors in 
the counts recorded, particularly if the pulses are being 
analysed. In the case of valve amplifiers some improve- 
ment is obtained by reversing the values of the anode 
load and the following grid leak. Thus the grid leak 
is made equal to 47k, say, while the anode load is 
made 22k © or even larger in value. Under this condi- 
tion the overswing voltage on the grid is reduced, partly 
because of the longer time constant of the process of 
charging the capacitor during the overload and partly 
because only a fraction of the voltage developed across 
the capacitor appears at the grid. 

Two other factors introduce a distortion of the pulse 
amplitude spectrum. At high counting rates the mean 


100 


level of single CR or delay line shaped pulses will var: 
according to the average rate immediately preceding an: 
given instant. This shift of the base line at randon 
will cause a broadening of the peaks and a downwar 
shift. The overload pulses cause an unbalanced surg: 
on the H.T. supplies which also causes broadening o 
the peaks. Two different approaches to this problen 
have provided considerable improvement in the per 
formance of amplifiers. The first technique is to us 
amplifiers consisting entirely of long-tailed pairs witl 
negative input and output pulses. This prevents grid 
current being drawn at any time and maintains a con 
stant drain from the H.T. supply. The main disadvan. 
tage of the system is that there is only a small amount 
of feedback so that the gain stability is poor. 

The second technique is to use a double delay line 
pulse shaping system. An amplifier using this prin- 
ciple (5) has been shown to handle pulse input rates 
of about 200kc/s. Overload pulses due to Co-60 
gamma rays at over 10 kc/s also caused no serious 
distortion of the low energy peak of 30 keV X-rays 
from a Cs-139 source. The pulse shaping is carried 
out by means of shorted delay lines of the HH 1500 
type at two stages of the amplifier, one of which is 
shown in Figure 10. 

There are two limitations of a simple pulse shaping 
circuit using a delay line. The output is usually loaded 
by a valve input capacity and a partial mismatch occurs. 
The purpose of the inductance in Figure 10 is to pro- 
vide correct matching allowing for the input capacitance 
of V,. The second limitation is due to the finite resist- 
ance of the delay line which produces a pedestal on the 
shaped pulse. This can be eliminated by feeding a frac- 
tion of the input signal at A through the potential 
divider R,R, to the other grid of the long tailed pair 
amplifier. It is usually necessary to adjust the values 
of L and the attenuator R,R, in order to obtain a good 
shape for the output pulse. In general, the choice of 
the correct position for the shaping circuit in a multi- 
section amplifier is essential. Placing it too early in the 
amplifier will lead to excessive hum and noise from later 
stages, whereas if it is at a late stage pile up of pulses 
will lead to overloading of the earlier amplifier stages. 
The large pulses are prevented from drawing grid cur- 
rent by using catching diodes in such a way that current 
is drawn through the coupling capacitor in both direc- 
tions, firstly on the positive part and later on the nega- 
tive part of the double delay line shaped pulse. 
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Soon to be required by law, routine personnel 


monitoring for workers has always been important, 


and the Radiological Protection Service has grown 


to an organization handling over 3000 films a week 


How a film badge service operates 


by J. F. B. DEALLER, B.Sc. 


Radiological Protection Service 


NTIL THE LAST WAR the bulk 
of experience with radiation, its 
effects and dosimetry, was the prero- 
gative of medical workers. The war 
however gave a fresh impetus to non- 
destructive testing and laid the basis 
for the radiation industry as we know 
it today. The ever increasing range of 
radiation sources available and the 
spread of knowledge of the proper- 
ties of radiation has led engineers and 
physicists in industry to turn ever 
more frequently to radiation as a solu- 
tion to their problems, not only in 
non-destructive testing, but also in 
process control, routine analysis and 
research. The nuclear reactor itself 
has now entered the general world of 
electrical power production. High 
energy machines with enormous radia- 
tion outputs have been developed and 
are being used in industrial processes. 
At the same time the electronics indus- 
try has produced a number of devices 
such as the klystron in which electrons 
are accelerated and then stopped. 
Fundamentally these devices are simi- 
lar to X-ray tubes and many of them 
require shielding to reduce their X-ray 
output to an acceptable level. 

Thus during the last two decades 
techniques involving radiation have 
spread to a large number of indus- 
tries. Indeed, it may well be only a 
matter of time before every factory 
possesses a radiation source of some 
sort. 


Maximum dose laid down 
Recommendations on maximum 
permissible doses of ionizing radiation 
have been made over the years, initially 
by the British X-ray and Radium Pro- 
tection Committee and later by the 
International Commission on Radio- 
logicai Protection which works under 
the auspices of the International Con- 
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gress of Radiology. As far as external 
radiation is concerned, these have, 
until recently, always taken the form 
of laying down a maximum per- 
missible weekly dose. In 1959 new 
recommendations were published (/) 
which set a limit on the radiation dose 
which could be received during any 
period of 13 weeks. In the case of the 
blood-forming organs, the eyes and 
the gonads, maximum permissible 
doses are also laid down for long 
term exposures. These recommenda- 
tions, summarized in Table 1, reduce 
the importance of the dose received 
in any particular week, but introduce 
a need to sum doses over a period. 
They also permit the whole of a quar- 
ter’s dose to be received in a single 
week. This would, however, carry the 
penalty of 12 weeks complete freedom 
from radiation work; such a pro- 
cedure could hardly be adopted regu- 
larly in an industrial process, although 
it could be appealed to in the case of 
an Over-exposure. 


Monitoring will soon be law 


The original concepts of permitted 
doses were intended primarily for 
medical workers, but the levels laid 
down have been adopted by radiation 
workers in industry and their em- 
ployers, radiation protection measures 
being applied on a voluntary basis on 
a very wide scale. 

The ever increasing scope of radia- 
tion has caused a great deal of inter- 
est to be taken in problems of protec- 
tion. One of the results of this inter- 
est has been the formulation of the 
current recommendations of the 
ICRP; another has been the decision 
of the Ministry of Labour (in com- 
mon with similar Ministries in other 
countries) to put forward Special 
Regulations to control the use of 


ionizing radiations in industry (2). The 
Draft of these Regulations lays down 
dose levels which are largely similar 
to those proposed by ICRP. 

The recommendations of the ICRP 
explicity demand that the doses re- 
ceived by personnel during their work 
should be measured. The Draft Regu- 
lations explicitly call for this to be 
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Sensitivity of a commercial quartz-fibre 
dosemeter is dependent on the energy 
of the incident radiation (Fig. 1) 
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Sensitivity also varies with the direc- 
tion of radiation, shown here for 100 kV 


X-rays and radium gammas. Unit sensi- 
tivity is at 9 =O (Fig. 2) 
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Relation between dose and net optical 
density for a typical monitoring film, 
Ilford PM3 (Fig. 3) 
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Response of Ilford PM1 film to radiation 

of various energies relative to response 

to radium gammas. Upper curve: un- 

shielded; middle : shielded with 0-035 in. 

Dural; lower: shielded with 0-04 in. tin 
(Fig. 4) 


done and specifically state that the 
monitoring should be carried out using 
a ‘suitable photographic film.” An 
‘appropriate and efficient’ dosemeter 
is also to be worn where specially re- 
quired (Regulation 11). 

Thus radiation safety requires, and 
the law will soon demand, that 


TABLE 1 Maximum permissible exposures 


to external radiation 





ORGAN DOSE 
13 Year Long 
weeks (rem) Termt 
(rem) (rem) 
Gonads, blood- 
forming organs, 3 12 5(n-18) 
lenses of the 
eyes 
Skin, thyroid 
gland 8 30 30(n-18) 
Hands, forearms, 
feet, ankles 20 75 75(n-18) 


* n is the age of the worker in years. It will 
be noted that these figures permit average 
weekly exposures of 100 mrem, 600 mrem 
and 1500 mrem for the three groups of 
organs. 

For practical purposes in external radiation 
monitoring, doses measured in rads are 
numerically equal to the biological dose in 
rems, except for neutrons where the dose in 
rads must be multiplied by the relative biolo- 
gical efficiency. 

(For these particles generally 

rems (neutron) rads (neutron) x 10). 
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workers exposed to radiation because 
of the nature of their work should 
have their doses continuously moni- 
tored. 


Instruments or film ? 


The two dosemeters commonly used 
in personnel monitoring are the ioniza- 
tion chamber and the photographic 
film. The first depends upon the loss 
of charge by a condenser due to ion- 
ization of air between the electrodes 
and the second upon the actinic re- 
sponse of photographic emulsions to 
ionizing radiations. 

At first sight the ionization chamber 
would appear to provide the best 
method of personnel monitoring. 
There are two types of ionization in- 
strument: the fountain-pen quartz- 
fibre dosemeter and the pocket. In the 
former the dose received since the 
instrument was last charged can be 
read at a glance, while the dose re- 
ceived by a pocket ionization chamber 
can be found very quickly. This ad- 
vantage has, indeed, led to their wide- 
spread adoption, particularly in pro- 
cesses such as gamma radiography 
where protection depends to a con- 


siderable extent upon ‘time and 
motion.” 
In common with all ionization 


chamber instruments, the commercial 
quartz fibre dosemeter has a response 
that depends upon the energy of the 
radiation and the direction of the 
source. Figure | shows the response of 
a typical instrument to radiation rela- 
tive to its response to radium gamma 
radiation, and Figure 2 illustrates its 
directional dependence. It will be 
noted that the instrumental errors are 
not likely to be serious for energies 
greater than 120 keV. Instruments 
with a better performance are under 
development. 

A more serious disadvantage of the 
ionization chamber is the transient 
nature of the reading. Once the cham- 
ber has been recharged there is no way 
of checking whether it had been read 
correctly. 

All ionization chambers have a 
tendency to leak, particularly under 
the type of adverse conditions met 
with in industry. Whilst the recording 
of a dose which is too high is an error 
on the safe side, such errors could im- 
pair an individual’s dose history and 
lead to umnecessary investigations. 
There is also an inclination to set 
down any apparently inexplicable dose 
as being due to a leak. 

The range of the instrument is 
limited. A commonly used scale shows 
0-500 mr in 20 mr steps, and such an 
instrument clearly cannot distinguish 
between I r and 10r. Instruments with 
a wider range have too great a thres- 


hold and it is therefore necessary t 
wear two detectors at least in order t 
obtain reasonable coverage. 

Photographic film has the seriou 
disadvantage that the interpretation o 
the dose takes a considerable time. | 
it is done on the spot, the dose can b 
estimated in a matter of hours whil 
a routine postal service should be abl 
to deliver the results within a week 
This latter time can, of course, be re 
duced greatly in an urgent case, bu 
must inevitably exceed that taken ti 
read an ionization dosemeter. 

The film provides a permanen 
record of dose which can be referrec 
to subsequently, while its range o 
response is very much wider than tha 
of the ionization chamber. Figure 
shows the relation between dose anc 
net optical density for a typical moni 
toring film. 


Design of the filter system 


The response of the film is markedly 
dependent upon the energy of the 
radiation as is shown in Figure 4 
(upper curve). This defect can however 
be overcome, and indeed turned to 
advantage, by the judicious use of 
filters incorporated into a film holder 

The design of the filter system de- 
pends upon the range of energies to 
which the film is to be exposed. The 
filter system in the holder designed 
by the Radiological Protection Ser- 
vice personnel monitoring service has 
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The film holder designed by the R.P.S. 
consists of a plastic case with two pairs 
of metal filters (Fig. 5) 


been described in detail elsewhere (3). 
Essentially the film holder* (Figure 5) 
consists of a plastic case holding a 
dental size (but not dental emulsion) 
film. Mounted in the plastic are two 
pairs of metal filters, the lower pair 
being 0-040 in. tin and the upper pair 
0-035 in. of BS-L72 duralumin. Part of 
the film is shielded with ;; in. plastic 
and part is unshielded. 





* Manufactured by Savage & Parsons Ltd., Watford 
Way, Watford 
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Examples of radiation monitoring films 


after a. primary gamma_ radiation 

b. primary gamma radiation with beta- 

particle contamination c. 200 kV X-rays 

d. beta and gamma radiation with ‘spots’ 

due to contamination by active material 
(Fig. 6) 


The effect of the tin filter is to re- 
duce the quantity of radiation in the 
400 keV to 90keV_ energy range 
reaching the film to such an extent 
that the increased sensitivity of the 
film is counterbalanced by absorption 
in the filter. Thus the effective sensi- 
tivity of the film under the filter is 
uniform over this energy range, as is 
shown by the lowest curve in Figure 
4. By this means doses of radiation 
with an energy greater than 90 keV 
can be directly estimated by compar- 
ing the blackening under the tin filter 
with a curve drawn of the dose-density 
relationship for, say, radium gamma 
radiation. 

At lower energies a correction fac- 
tor must be derived from a compari- 
son of the apparent doses under the 
tin and duralumin filters. (Figure 4, 
middle curve.) Below about 60 keV 
the correction factors become too 
large to be practical and doses are 
estimated by comparison with stan- 
dard films exposed to 30 keV radia- 
tion. In this case correction factors 
can be obtained from a comparison of 
the apparent doses on the duralumin 
and unscreened portions of the film. 
In practice, if an error of +10% is 
permitted it is found that only a very 
small proportion of films require the 
application of correction factors. 

This holder was specifically designed 
for use with the personnel monitoring 
films manufactured by Ilford Ltd— 
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PMI films in the range 60 keV up- 
wards and PM3 film at lower energies. 
Other emulsions would require slightly 
different filters but the principle would 
remain the same. 

(For the sake of uniformity all 
energies have been referred to in keV 
which should not, of course, be 
equated with the kilo voltage applied 
to an X-ray tube. For example, radia- 
tion produced from an X-ray tube 
operating at 150 kV _ has an effective 
energy of about 60 keV.) 


Interpretation of the film 


The holder permits the estimation of 
dose over a wide range of energies and 
also produces a pattern on the film 
which gives a clear indication of the 
radiation source responsible for the 
dose. 

The response of the film to beta 
radiation is similar to that for gammas 
but the presence of a beta dose is 
clearly indicated by the contrast be- 
tween the plastic shielded area and 
the open window. Since the combina- 
tion of beta-ray hazard and X-rays 
is a very uncommon one, it is usually 
safe to take the beta dose as the dif- 
ference between the apparent doses 
recorded in the open window and 
the duralium shielded areas. With ex- 
perience, a considerable amount of in- 
formation can be derived from the 
appearance of a monitoring film; 
some examples are shown in Figure 6. 

An incidental property of the film 
is its sensitivity to radiation emitted 
by free active material settling upon 
it (Figure 6D). This appearance, which 
is easily recognizable, is taken to indi- 
cate the presence of radioactive con- 
tamination of the working atmos- 
phere. In some contexts, such as 
radium luminizing, this implies bad 
working conditions, while elsewhere it 
may show that a sealed source has 
become damaged and is leaking. 

The need for two types of monitor- 
ing film is brought about by the wide 
variation in response of the emulsion 
to different radiation: energies. The 
fast emulsion needed to achieve a 
satisfactory response to gamma radia- 
tion is saturated by a dose of about 
800 mr of 100kV X-radiation. This 
difficulty can be got over by using a 
film with different emulsions on the 
two sides of the film base: a fast 
emulsion to give sensitivity to high 
energy radiation, which can be stripped 
off if it is saturated, and a slow emul- 
sion with a much greater range. A 
suitable combination has been pro- 
duced for the Kodak ‘ Radiation 
Monitoring’ film. There is not, at pre- 
sent, a satisfactory filter system in 
commercial production for use with 
this film, although one has been de- 
signed (4). 


Keeping long-term records 

In the past, although dosage records 
would have been of value when it 
came to following up cases of radia- 
tion injury, little attention was given 
to them since the recommended maxi- 
mum permissible levels were expressed 
in terms of a short period. However, 
the new concept of setting long term 
maxima which are lower than summed 
short-term permitted doses introduces 
a need to maintain cumulative records 
and individual dose histories. Workers 
move from job to job and it is clear 
that a radiation records scheme will 
have to be created to deal with this 
problem. 

Another problem which arises in 
any dosage recording system is that of 
the threshold dose to be recorded. A 
corollary of the energy dependence 
of the emulsion is a similar wide varia- 
tion in the threshold of measurement. 
Since the threshold at high energy is 
a significant fraction of the average 
permitted weekly exposure, the best 
procedure when accumulating data for 
radiation histories would be to use the 
threshold relevant to the energy of the 
exposure where this is known. This 
variation in threshold is demonstrated 
in Figure 7. From the point of view 
of measurement threshold a longer 
test period is advantageous because 
the probability that a measured dose 
will be recorded is improved and the 
threshold in any case represents a 
smaller fraction of the permitted dose. 

For the past eighteen months all 
doses recorded by films issued by the 
Radiological Protection Service moni- 
toring service have been transferred to 
punched cards. Valuable experience 
has been gained, experience which has 
greatly helped in the design of a 
scheme meeting the requirements of 
the latest ICRP recommendations. 


How the service is organized 
The organization of the R.PS. 
monitoring service (Figure 8) does not 


Variation of dose measurement thres- 
hold with energy (Fig. 7) 
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represent the only way of operating, 


but it does se 
organizational, 

mental needs of 
rently, the bulk 
amounts to rat 
films per week, 
who are 


rve to illustrate the 
technical and instru- 
such a service. Cur- 
of the work, which 
her more than 3000 
is done for workers 


continuously monitored. 


Films, serially numbered by pressure 
marking, are sent out in record cards 


(Figure 9) on w 
tails are entered 


hich the exposure de- 
. The employer issues 


the films to his workers who wear 


them (generally 


for a two week test 


period) in the holders described above. 


At the end of 
which time a fre 


the test period, by 
sh supply of films will 


have arrived, the films are collected 


up, the record 
and both items 


cards are completed 
returned to the RPS 


laboratories at Sutton. 
After they have been booked in, the 


films are given 


a visual examination 


for external damage and then deve- 
loped in the dark room along with 
films of the same emulsion produc- 


tion batch whic 


h have been exposed 


to known doses of radiation—80 kV 
X-rays in the case of PM3 film and 


Records of exposure details are kept on 
specially designed cards (Fig. 9) 
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Operation of the 
| mromscoment RPS. monitoring 
service shows the or- 
ganizational, techni- 
cal and instrumen- 
tal needs of such a 
service (Fig. 8) 


radium gamma radiation for PMI 
films. Development is carried out using 
1D 42 for 34 minutes in frames hold- 
ing 144 films each. 

After drying, the optical density of 
the films is measured using a densito- 
meter and calibration curves relating 
dose and optical density are drawn 
from the standard films. In general 
only one density measurement need 
be taken on each monitoring film but 
for films which may require the appli- 
cation of a correction factor to the 
estimated dose two or more density 
measurements are made. The criteria 
for deciding when more than one mea- 
surement need be taken or, if taken, 
need be recorded, are derived from the 
performance of the holder (3). From 
the calibration curve the dose on each 
film is estimated and then a ‘ reported 
dose’ is given in which the dose is 
rounded off upwards. If at this stage 
a film with a high dose is seen (dose 
>3 rad) it is reported by telephone 
to the employer. 

The record card is now complete 
and the information is ready for trans- 
fer to a punched card. In effect a card 
is punched for each film. It shows the 
name of the worker and other details 
of the test together with code num- 
bers which permit the worker to be 
identified by machine and to facilitate 
mechanical sorting when long term 
dose records are required. From these 
cards reports are printed showing the 
test details and the ‘ reported dose’ in 
the test. Modifications are now under 
way to permit the production of re- 
ports which would show the worker’s 
radiation status at the end of each 
test. 

Reports showing a dose in excess 
of 300mrad/week (or some other 
unsatisfactory feature such as con- 
tamination) are accompanied by a let- 


ter indicating the probable cause of 
the exposure and suggesting met! ods 
of preventing a recurrence. Where the 
test reveals conditions which the °m- 
ployer is unable to set right, a su: vey 
is made on site by a physicist «ho 
makes recommendations for impri ve- 
ment. In the past three year 80 s ich 
surveys have been made at facto ‘ies 
for this and other reasons. 


Monitoring fast and slow neutron; 


The film thus provides a means of 
monitoring beta-, gamma- and X-ray 
dosage, it gives an indication of the 
dose and may provide a warning of 
the presence of free  radivactive 
material. 

In addition the film can be made 
sensitive to thermal neutrons by re- 
placing part of the tin filter by a simi- 
lar thickness of cadmium. Under slow 
neutron bombardment an (n, y) reac- 
tion takes place in the cadmium result- 
ing in a blackening on the part of the 
film shielded by the cadmium. Apart 
from this property, cadmium is very 
similar to tin as a radiation absorber 
so that a film holder intended for slow 
neutron measurement is indistinguish- 
able from a normal one from the 
point of view of gamma and X-ray 
sensitivity. 

The normal photographic emulsion 
is insensitive to fast neutrons and 
other high energy particles. Special 
emulsions are used, for fast neutron 
monitoring, in which the knock-on 
proton produced when a neutron is 
absorbed in hydrogenous material pro- 
duces a developable track across the 
emulsion. The number of tracks is 
counted over a given area of the emul- 
sion using a microscope and then the 
dose is estimated. Details of the 
method have been published else- 
where (5). 

Throughout this article the needs of 
radiation workers only have been con- 
sidered. Workers not directly involved 
in radiation work should not, in gen- 
eral, receive doses exceeding one tenth 
of the levels permitted to bona fide 
radiation workers. Shielding and ad- 
ministrative control measures can en- 
sure that these lower levels are 
achieved, thereby reducing the num- 
bers requiring personnel monitoring 
Occasional tests for such workers 
would show whether conditions were 
remaining satisfactory. 
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UCLEAR TECHNOLOGY 


Reactors | 


First results on Zenith investigation 


SOME details of the investigation into the reactor physics 

the uranium 235-thorium-graphite system have been 
published by the AEA in the first unclassified report to 
come out of Winfrith (AEEW M4 ‘An interim report on 
the Zenith exponential experiments” by R. M. Absalom, 
i. R. Cameron, G. H. Kinchin, J. E. Sanders and D. J. 
Wilson). There has been no previous work on this type of 
system in the UK and a practical result of the measure- 
ments will be a revision of the estimated loading for 
Zenith. As described in the report, the exponential assem- 
bly is constructed from 6ft long Zenith fuel elements 
excluding the top and bottom reflectors, mounted on a 
graphite pedestal, 4ft 6in. square and 2ft 4} in. thick, 
which is seated on a in. mild steel bed-plate. This is 
surrounded by one foot thick concrete shielding to a 
height of 2 ft 6in. The fuel elements are located vertically 
on the graphite pedestal in a hexagonal array of 3 in. 
pitch, graphite spigots on the ends of the elements fitting 
into holes in the top of the pedestal. The upper ends of 
the fuel elements are held in an aluminium grid plate 
which is supported by four posts at the corners. The 
system is excited by means of four half-curie Ra/Be 
sources placed in two horizontal channels through the 
shielding and the mid-plane of the graphite pedestal in- 
tersecting at the vertical axis of the system. The sources 
are positioned at a distance of 27°6cm from the axis 
corresponding to the 3rd harmonic mode. When not in 
use the sources can be withdrawn into coffins permanently 
positioned on the four sides of the pedestal, outside the 
concrete shield. The strength of each source is about 
6 X 10°n/sec. The pellet patterns corresponding to the 
various assemblies to be studied are shown in Fig. 2. They 
are based on a constant thorium pellet spacing of 1°539 in. 
(nominal). 





TITLE PELLET S N S/N PELLET NOLES 
RATIO SPACING 
U:Th U Th 
(cm) 
106 3:4 $124 12°66 464 3°25 3°94 
3830(1) 1:1 3843 9ST 404 3-94 3-94 
3830(2) 1:1 3843 9-51 404 3-94 7-88 Th pellets paired 
3830(3) 1:1 3843 9-SI 404 7-88 3-94 U pellets paired 
2872 4:3 2882 7-15 403 2-955 3-94 
2393 8:5 2402 5-97 402 2°46 3-94 


Fig. 1 Systems investigated. S$ = Carbon atoms/U235 atoms. 
N= Thorium atoms/U235 atoms. S/N = Carbon atoms/ 
Thorium atoms 


The slight decrease of S/N as S decreases is due to the 
replacement of graphite pellets by uranium pellets. The 
pellet spacings have been derived from measurements of 
the overall lengths of the pellet array: the thorium spac- 
ing of 3-94.cm (1:552 in.) is 0-8% greater than the value of 
3-91 cm (1°539 in.) obtained by summing the nominal pel- 
let thickness. Main figures of the systems were: - 


Graphite sleeves, inside diameter 2-87 cm 
os Re outside diameter 7°37 cm 
Iriangular array of sleeves, pitch 7-62 cm 
Total number of sleeves 235 
* Effective radius * of stack approx. 61-3 cm 
Voidage 15°29, 
UO, pellets, diameter 2-84 cm 
i thickness 0-173 cm 
i ea U-235 content 1-405 g 
rhO. pellets, diameter 2°83 cm 
ie thickness 0-261 cm 
thorium content 13-22 
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Basic quantities to be determined were the vertical re- 
laxation distance of the flux and the extrapolated radius 
of the system. The team state in their report that the 
extrapolated radii deduced from the measurements do not 
show any obvious correlation with direction of measure- 
ment, height of the measurement plane or composition of 
the system. ‘From the data obtained so far, an extra- 
polated radius of 63-5 + 0-3 cm has been derived as a 
mean. The geometrical radius of the system, using an area 
equivalent to convert to a cylinder, is approximately 61-3 
cm (the ‘ edge’ of the fuel element array is a rather vague 


[|e eee 


Tu ’ 71? « 
Se 2395 





—| 
































i 
ee 


yaa 
Fig. 2 Loading patterns. Code: U = U235, T = Thoria, 
7, 1, 2, 4, 8 = 0-068, 0-100, 0-200, 0-400, 0-800 in. graphite 


quantity). An extrapolation distance of 2:2cm is thus 
implied, which agrees well with the calculated value of 
0:71 1,°. Relaxation length measurements with indium foils 
agreed within their relatively large statistical error, with 
values derived from BF., counter scans. 

The data has been analysed on a two-group model 
(multigroup analyses are in progress), and factors which 
have been included in deriving the parameters needed in 
the analysis include: 

a. Variation of effective neutron temperature with com- 

position of the system. 

b. Self-screening in the U-235 pellets, which has a con- 
siderable effect on the thermal utilization and diffu- 
sion length values. 

c. Streaming along the gaps between the fuel elements ; 
the resultant anisotropy in the diffusion and slowing 
down areas is derived using Behren’s formule. 

‘For the first two systems (5108 and 3830/1) values of p 
found from the two group analysis are not inconsistent 
with the value of 0-93 from the Monte Carlo calculations 
of Morton, Bannister, and Brinkworth’, says the report. 
‘The cadmium ratio measurements on the indium foils 
can be compared with calculated values derived from the 
nuclear parameters of the systems and the effective reson- 
ance integral of the foils obtained from the measurements 
in Gleep. The calculated values for systems 5106 and 
3830/1 are 2°62 and 2:29 respectively, to be compared 
with the measured 2°45 + -05 and 2:27 + -04. 
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Microwave diagnostics in plasma research 


by S. M. HAMBERGER, B.Sc., A.Inst.P. 


AERE, Harwell 


THE use of microwaves for studying plasma properties in 
thermonuclear experiments is a logical development of 
ionisphere sounding by radio waves; the difference in 
technique used lies in the much higher density, temperature 
and magnetic field in the plasma. Considering, for simpli- 
city, only propagation of frequencies above the plasma 
frequency f, =9-10*n! (where n is the electron density 
per cm*), provided that the wave electric vector is parallel 
to the magnetic field B, or in any case if the electron 
cyclotron frequency f, (equal to 2°8 Mc/s per gauss) is 
small compared with f,, the propagation does not depend 
on B or temperature, and the dispersion equation may be 
written as 


. _o@ @y* ' > Vv 
yY=at jp=j vl [renee arora =) a) 
c - er FT 0) 


where y = a + jf is the propagation constant, w, = 27f,,.1 

electron collision frequency. If we can measure the 
attenuation constant @ and phase constant £ in the plasma 
we can then solve equation (1) to find n and v. Ignoring 
collisions the dispersion equation may be simplified to 
to np? = 1 — w,?/* . . (. 2) where yp is the refractive index 
in the medium at angular frequency w. When w>o,, f is 
real and <1, and the wave propagates. When »<w,, pu is 
imaginary and the wave is totally reflected from the 


que fr 
mo lator 


waveguide horn geria/s 











| crystal 


detector — 
ae 
| 
wall of discharge [ gme |=! 
tube 


Fig. 1 Density measurement 


signal ferrite 
source ‘solotor 


plasma. Thus if we measure the critical frequency at which 
* cut-off” occurs we have a simple method of finding n. 
Since thermonuclear plasma usually have densities in the 
range 10'*—10'® cm-, the corresponding free-space wave- 
lengths for cut-off are in the range 8 mm to 0:3 mm, i.e. 
in the short microwave to far infra-red region. 


Measurement of Electron Temperature 
* It is well known that if a transmission line is terminated 
in a matched impedance which is at an absolute tempera- 
ture T°K then a matched receiver of band width B would 
receive a noise power equal to kTB, where k is Boltz- 
mann’s constant. If the termination is a gaseous plasma, 
then, provided that it presents a matched impedance to 
the line the noise power received is kT.B where T, is the 
electron temperature in °K. Suppose now that we present 
a waveguide aerial to the plasma in such a way that at 
certain frequencies a signal transmitted to the plasma is 
completely absorbed by it, then we may deduce that the 
noise power reaching a matched receiver at the other end 
is a measure of the electron temperature of the plasma. 
Since frequencies below f, are not absorbed but are 
reflected by the plasma no noise will reach the receiver 
in this band. Frequencies above f, are transmitted, the 
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amount of absorption depending on the number of elec 
tronic collisions along the waves path, i.e. nv. If the plasmz 
is not very dense, or the temperature is very high (v small) 
or the path length in the plasma too short, then complete 
absorption does not take place and the plasma is said t 
be ‘ optically thin.’ In such circumstances the power radi 
ated is less than the black body value of kT,B. Dellis (/) 
has considered this in some detail and has concluded that 
in fact over a narrow band around the plasma frequency 


2 
signal ferrite directional t 
source ‘solotor coupler wave- 
guide 
Aorn 





Fig. 2 Plasma velocity measurement 


f, the radiation does reach the black body value. Since in 
any plasma produced in practice the density is not uni- 
form there is in fact a range of frequencies over which 
black body radiation is observed ; it must be realized that 
this radiation can come only from those regions of the 
plasma to which an inwardly directed wave at the same 
frequency can penetrate. Hence observing the noise 
radiated at different frequencies can tell us something of 
the temperature in different parts of a plasma. 

As previously stated the wavelengths required for trans- 
mission through the plasma lie in the range 8 to 0:3 mm. 
Fusion reactors will probably work at higher densities, 
necessitating even shorter wavelengths. Two things result: 
firstly the physically small size of the waveguide equip- 
ment required, e.g. aerial horns, etc. will be an advantage 
since high gain aerials may be used to inject well defined 
beams into a comparatively large plasma (dimensions of 
the order of 10-100 cm), and the waves will approximate 
to TEM waves in an infinite plasma. Secondly, except at 
the long wavelength (Q band) end of the range mentioned 
there are few readily available microwave components. A 
recent review by Kaufman (2) usefully summarizes the 
present state of the submillimetre art, and contains a full 
list of references. 
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Fig. 3 Temperature measurement 
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/ iymission This is the simplest measurement and 
S when the plasma density passes through a value at 
“ its critical frequency f, equals the signal frequency. 
I microwave signal is modulated at audio frequency 


he variation in the detected amplitude displayed as 
ction of discharge time on an oscilloscope (Fig. 1). 


A similar method can be used to investigate the density 
of the space outside the pinched discharge in pinch 
machines such as Zeta. In this case a frequency which will 


not normally propagate is used: the signal is passed when 
the plasma pinches so that the density in the * vacuum’ 
is sufficiently reduced, thus giving information about the 
time at which the pinch forms. 

2. Reflection A directional coupler (Fig 2) is used as a re- 
flectometer to measure the signal reflected from the plasma. 
This is small until the plasma density rises above the criti- 
cal value, when. it increases sharply. If the discharge is 
that a well defined current sheath is formed then 
the rate at which this moves radially inwards can be found 
by an interference method: a discontinuity is introduced 
in arm 4 of the directional coupler from which a signal 
is reflected into arm 3 with a fixed phase. The signal 
reflected into arm 3 from the moving plasma will have a 
rapidly varying phase, the detected output of arm 3 will 
show maxima and minima when plotted against time. 


| Processes 
A concentrator for 


AN EVAPORATOR which might offer a new approach 
to the problem of large scale concentration of highly 
active separation plant raffinate is described in AEA re- 
port IGO-R/W-70 ‘A remote controlled shielded evapor- 
ator for laboratory use” by A. J. Howarth of the Opera- 
tions Branch, Windscale. In its present small scale form the 
unit will operate continuously, removing up to 20 litres 
day of water, with some nitric and hydrochloric acids, 
from active analytical waste liquor at a cost of about 
6d/litre; it can be put together, operated, and taken apart 
remotely. The report includes a sectional view (Fig. 1) 
and describes the principles of operation as follows: 

160 litres/min. of cold air at a pressure dependent on 
pressure drops in the apparatus, and supplied with about 
900 W, passes through a heater. This air, at about 350°C, 
passes down a tube C to the bottom of the packed column 
D where it meets hot liquor. Water is taken up, and the 
air passes up through packing, first becoming saturated 
and cooling to about 95°C, then passing a dry section 
where entrained spray is taken out. A little heat is absorbed 
here from the hot air inlet tube, and the air leaves the 
column at 97-99°C to enter the scrubber E, of similar 
proportions to those of the evaporator. Here it meets 
cold water in counter-flow, and leaves by the exit pipe F 
for the cubicle exhaust. Raw feed is admitted to the 
evaporator by a dip-line in the tube B and after removal 
of water it falls to the bottom and flows into the pro- 
duct tank, where it may build up and re-enter the evapor- 
ator at the tube B for a second stage of evaporation. It is 
eventually drawn into the product meter H. Here it is 
recycled and mixed with product in the measuring vessel 
G by means of the airlift J and the overflow K. It is 
removed from the vessel batchwise at will by placing a 
flat-based plug over the air vent P. 

Cold water at about 20 litres/h is allowed to fall into 
the tundish L and enters the scrubber by the lute M, 
leaving at the bottom after taking heat, moisture and 
volatiles from the wet air stream. The bulk of this water 


such 
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The time between successive maxima corresponds to the 
plasma moving a half wavelength, whence the plasma 
velocity can be determined. 


3. Radiation The noise radiation is fed to a low noise 
superheterodyne receiver via a horn aerial and waveguide 
precision attenuator (Fig. 3). Noise level is compared by 
means of the attenuator with that of a standard noise source 
fed to the same receiver. Knowing the electron temperature 
of the standard source that of the plasma can be readily 
deduced. If for example, 7, for the noise source is known 
to be 10,000°K, and the plasma noise is measured as 17 dB 
(corrected for wave guide loss) above that of the noise 
source, then the electron temperature of the plasma is 


17 
10,000° X antilog,, — = 500,000°K. The comparison of 
10 
noise pulses from the plasma with the reference source 
is made easier by modulating the latter, e.g. by a rotating 
attenuator or ferrite switch. 
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radioactive wastes 


passes through the outer tank into which it is discharged, 
and over the exit weir N, which is an overall level con- 
trol. Make-up for raw feed flow-rates below maximum 
is taken automatically from the outer tank by the tube A, 
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ACTIVE LIQUOR GLASS 
~+++-—- AIR PACKING 
------- = WATER 
Fig. 1 A bottom-feed ring-packed column with automatic 


recycling is employed 


an adequate barrier to loss of solids being the layering 
due to density in the inner (product) tank, and to a lesser 
degree in the outer (water) tank. A separate unit similar 
in design is used to remove chloride from the concentrate. 
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Modern 
widely used for both basic nuclear 


spectroscopes are now 


research and swift routine analysis 


Mass Spectroscopy 
as a research tool 


by A. H. TURNBULL, B.Sc. 
Mass Spectrometry Group, A.E.R.E., Harwell 











N the years since 1919, when F. W. Aston built his 
first mass spectrograph, the instrument has found 

application as a research tool in many branches of 
science—physics, chemistry, geology, biology, medicine. 
Simultaneously, thanks to improvements in design de- 
tail and to what is known across the Atlantic as 
‘ ruggedization,’ modern commercially-available instru- 
ments are capable of swift and accurate routine analyses 
in semi-skilled hands. 

The majority of commercially-available spectro- 
scopes are basically of the same pattern; the principles 
of operation are shown in Figure 1. Positive ions are 
produced in an ion source at S and are accelerated by 
a high voltage through a number of focusing and colli- 
mating slits to enter a homogeneous sector-shaped mag- 
netic field. Under the influence of this field, ions of a 
particular mass-to-charge ratio travel along one circu- 
lar arc while those of another mass-to-charge ratio fol- 
low a different arc. In this way the ions are sorted out 
according to their masses, if we consider only singly- 
charged ions, i.e. atoms which have lost one of their 
outer electrons. 

By suitable adjustment of the magnetic field strength 
or of the ion-accelerating voltage (usually the former), 
the ions of a particular mass pass through the exit 
slit and are collected on a plate whence they leak to 
earth through a high-value resistor. The voltage deve- 
loped across this resistor is suitably amplified and pro- 
“vides a measure of the intensity of the ion beam. If the 
ion current is measured by an electrical method such 
as the above or by an electron multiplier or particle 
counter, the instrument is called a mass spectrometer. 
If the final slit is absent and the resolved ion beams 
fall on a photographic plate producing a series of line 
images, the instrument is known as a mass spectograph. 
The term mass spectroscope covers both types. 

If the substance to be examined by the mass spectro- 
scope is a gas or a liquid with a vapour pressure of the 
order of 1 mm of mercury at room temperature, the 
gas or vapour molecules are simply allowed to flow 
into the instrument where they are subjected to bom- 
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bardment by electrons emitted from a hot filament. 
Electrons are thus removed from the molecules, leav- 
ing positive ions. If the substance to be analysed is a 
solid, it can be vaporized by heating in a small fur- 
nace; the vapour molecules issue from a slit in the lid 
of the furnace and are ionized by electron bombard- 
ment as before. 

Where possible, however, positive ions are produced 
from solid materials by means of the surface ionization 
type of ion source. Here, a solution or slurry of the 
material or one of its compounds is placed on a fila- 
ment which is electrically heated. The material eva- 
porates from this filament, some as positive ions and 
some as neutral molecules. The ratio of positive ions 
to neutrals depends on the difference between the work 
function W of the filament surface and the ionization 
potential @ of the material being ionized. When (W—») 
is positive the process is relatively efficient. If it is nega- 
tive, the efficiency of ionization is low but can be in- 
creased by raising the temperature of the filament. This 
may result in the sample material being evaporated 
so rapidly, however, that insufficient time is available 
in which to make an analysis. This difficulty is over- 
come by using a triple-filament ion source (Figure 2). 
The sample under investigation is placed on one or 
both of the filaments F, from which it is evaporated at 
a rate controlled by means of the heating current 
passed through F,. Some of the evaporated atoms or 
molecules impinge on the centre filament F, where they 
are ionized by the surface ionization process. For a 
given (W—e) value, the efficiency of ionization is con- 
trolled by the temperature of F, which can be varied 
independently of that of F,. 

One of the main advantages of the surface ionization 
type of source is that it enables very small quantities of 
material (10° to 10-'°g, depending on the ionization 
potential of the substance) to be analysed. 

Thus the function of a mass spectroscope is divided 
into three parts: 1. the production of ions, 2. the separ- 
ation of these ions according to their masses, and 3. the 
measurement of the relative intensities of the different 
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i pecies. These processes take place within a highly 


c ited chamber, since otherwise the positive ion 
b would be rapidly scattered by collisions with ex- 
tr us gas molecules. A commercial gas-source mass 


ometer with its attendant power supplies and con- 
tro! circuits is shown in Figure 3. The mass spectro- 
meier tube is inside the cubicle on the right of the 
photograph. The gas-handling system is mounted on 
the front of the cubicle. 


PHYSICAL AND CHEMICAL APPLICATIONS 
a. Determination of atomic masses 

[he observed mass of an atom is always less than 
the sum of the masses of its constituent protons, neutrons 
and electrons. This mass defect represents the binding 
energy of the nucleus and is a measure of the nuclear 
stability. Thus an accurate knowledge of atomic masses 
enables the physicist to predict nuclear reactions and 
nuclear decay transitions. 

[he mass spectroscope is used to compare atomic 
masses by the study of ‘doublets.’ A doublet is a pair 
of mass-spectral lines produced by two sorts of ion 
whose mass-to-charge ratios are only slightly different. 
So far we have considered only singly-charged ions in 
the mass spectroscope and have said that the instru- 
ment sorts out ions according to their masses. It was 
pointed out earlier, however, that the path which an 
ion follows in the mass spectroscope is determined by 
its mass-to-charge ratio. Thus a doubly-charged ion 
of an atom of mass M,, i.e. an atom which has been 
stripped of two electrons, has a mass-to-charge ratio of 
M,/2e and will follow almost the same path in the mass 
spectroscope as a singly-charged ion of mass-to-charge 
ratio M./e if 2M, and M., are only slightly different. 
If M, is known, M. can be calculated from a measure- 
ment of the doublet spacing and a knowledge of the 
dispersion of the mass spectroscope. This doublet tech- 
nique is used because of the relative ease of obtaining 
uniform dispersion over the small separation of the 
doublet members. 

Until the early 1950’s, most atomic masses were de- 
termined with mass spectrographs in which the lines of 
the doublet were recorded simultaneously on a photo- 
graphic plate. More recently, electrical recording 
methods have been used which enable a linear disper- 
sion to be achieved over a much wider range than in 
the mass spectrograph. 


b. Half-life determination 

The half-life of a radioactive species is another quan- 
tity which is of fundamental importance to the nuclear 
physicist and engineer. The equation governing the 
decay of a radioactive isotope is 


N/N, =exp( —At) = exp ( —0°6932t/t, ) 
where N =number of atoms of the isotope at time t 
N, = number at zero time 
X = decay constant and 
t, — half-life. 
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In principle, therefore, by measuring N, at zero time 
and WN at time ¢, the half-life 7, can be calculated. In 
practice, the adundance of the radioactive isotope is 
periodically measured relative to the stable isotopes of 
the element. 

If the half-life is long, greater accuracy can be 
achieved by measuring the rate at which the daughter 
is formed by disintegration of the parent isotope, since 
in this case even a small number of disintegrations will 
cause a relatively large change in the abundance of the 
daughter. 


c. Isotope dilution analysis 

Isotope dilution analysis provides a means of deter- 
mining the quantity of a particular element or isotope 
of that element in a sample of material. Suppose that 
we are interested in the determination of an element 
which is in its natural form in the sample material; being 
natural, its isotopic composition is known. To a weighed 
amount of sample material is added a weighed amount 
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of a tracer or spike, which is a form (usually stable) 
of the element having an isotopic composition different 
from that of the element in the sample. The tracer is 
usually prepared by electromagnetic separation and its 
isotopic composition is determined by mass spectro- 
meter. In the mixture of sample and tracer, the isotopic 
composition of the element is, of course, different from 
that in either of its components considered separately. 
The element is extracted chemically from the mixture 
(although this step is sometimes unnecessary) and the 
modified isotope ratio is determined mass spectrometric- 
ally. Knowing the isotopic compositions of the sample, 
the tracer and the mixture, and the weight of tracer 
element used, it is possible to calculate the amount of 


In a sector-type mass spectrometer ions from a source S$ 
are accelerated by a high voltage through arcs whose radii 
depend on the mass of the ions (Fig. 1) 
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By using a triple filament ion source the efficiency of 
evaporation can be more easily controlled (Fig. 2) 


the element present in the original sample. 

The method is applicable to any naturally poly-iso- 
topic element and can even be used to analyse for a 
mono-isotopic element if there exists a long-lived radio- 
active isotope suitable for use as a tracer. It has been 
used to measure the amount of uranium-235 in spent 
reactor fuel elements, thus determining the extent ot 
burnup. 


d. Neutron absorption cross-sections 
These cross-sections can be determined by a process 
which involves isotope abundance measurements by 
mass spectroscopy. If a sample of some material is 
subjected to neutron irradiation in a nuclear reactor, 
the rate of absorption of neutrons by a particular iso- 
tope is given by 
dN/dt - oNF 

where N =number of atoms of the isotope 

ao =the neutron absorption cross-section of 

the isotope 
F = the neutron flux. 


Thus after a time of irradiation ¢, the original number 
of atoms N, of the isotope will have fallen to N, where 
N/N, = exp (— oFt). With a knowledge of F and f, 


In this typical gas source instrument the spectrometer tube 
is in the cubicle on the right with the power supplies and 
control panel on the lefr (Fig. 3) 
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the neutron absorption cross-section of the isotope «an 
be calculated by measuring with a mass spectromé er 
the change in the relative abundance of the isotope 


e. Fission yields 

The masses of the products of slow neutron fiss >n 
of uranium-235 may lie anywhere between fairly w Je 
limits. If the measured yield of a fission product o 
certain mass number, expressed as a percentage oi 
number of fissions, is plotted against mass number 
double-humped curve is obtained extending from miss 
80 to mass 154 (Figure 4). Superimposed on each hump 
is a fine structure peak—one at mass 95 and one at 
mass 140. These peaks, which were discovered in ine 
course of mass spectrometric investigations of fission 
yields, were unexpected theoretically at that time. It 
is now believed that the divergence between theory aiid 
observation can be attributed to the highly stable nature 
of fission fragments with a closed shell neutron confi- 
guration (50 or 82 neutrons). Further mass spectro- 
metric study of fission yields is aimed at elucidating this 
point. 


S 


f. Branching ratios 

Zinc-64 is an even-even stable nuclear species, i.e. 
its nucleus contains an even number of protons (Z = 30) 
and an even number of neutrons (N = 34). Nickel-64 
is isobaric with zinc-64 (i.e. they both have the same 
mass number) but its nucleus contains two more pro- 
tons and two less neutrons. There are, in fact, among 
the known stable nuclides, 62 stable even-even isobaric 
pairs, such as the above, with atomic numbers differ- 
ing by two. Between the members of each pair there 
lies an odd-odd nuclide of intermediate atomic number 
which, according to theory, is unstable and will decay 
either in the mode Z — Z + 1, in which case a negative 
B-particle is emitted from the nucleus, or in the mode 
Z— Z — | due to emission of a positive f-particle or 
to K-capture, i.e. the capture of one of the orbital elec- 
trons from the innermost quantum level, or K-shell. 
Generally, one of these two modes of decay will pre- 
dominate; in a number of cases, however, branching 
has been observed, i.e. both modes of decay take place. 

Valuable information concerning nuclear instability 
is provided by measurement of the branching ratio, i.e. 
the relative abundance of the products of the two modes 
of decay. The determination is made as follows: gram 
quantities of the element under investigation are neu- 
tron-activated in a reactor in order to produce an appre- 
ciable quantity of the unstable Z nucleus which is of 
interest. This is then allowed to cool for a period which 
is long compared with its half-life. The relative amounts 
of the (Z + 1) and (Z — 1) daughter products are deter- 
mined by mass spectrometer, using the isotope dilu- 
tion technique. The mass spectrometer does not, of 
course, distinguish between 8* emission and K-capture 
in the Z > Z — 1 mode of decay. However, consider- 
ing the mass spectrometry results in conjunction with a 
determination of the @* emission by counting methods, 
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percentage of the (Z — 1) daughter produced by 
capture can be determined. 


High temperature studies 

Over the past six years, a considerable amount of 

ort has been devoted to mass spectrometric studies 

the gaseous species in thermodynamic equilibrium 
ith various elements, oxides and metal-metal oxide 
ystems, and to the measurement of latent heats of 
vaporization and sublimation. The substances to be 
examined are vaporized in a Knudsen cell, i.e. a small 
oven which is entirely closed save for an aperture of 
known dimensions. The vapour molecules effusing from 
the cell pass into the ion source of a mass spectrometer 
where they are ionized by electron bombardment in the 
usual way. The vaporizing species are identified and 
their relative abundances measured by the mass spectro- 
meter. 

By observing the dependence on cell temperature of 
the ion current due to a particular species, the latent 
heat of vaporization or sublimation can be derived 
from the Clausius-Clapeyron equation. Furthermore, by 
controlling the energy of the bombarding electrons, the 
appearance potentials of the various species can be 
determined. Systems studied in this way include the 
Group IV elements Ge, Sn, Pb, the systems Al-Al.Os, 
Si-SiO, B-B.O,, the oxides BaO, SrO, MgO and LaO 
and various alkali halides. 

h. Leak detection 

The mass spectrometer-helium probe method of de- 
tecting leaks in vacuum systems is probably too well- 
known to require explanation here. The technique is 
also of value, however, for detecting leaks in reactor 
fuel element cans which contain helium. In this case the 
mass spectrometer communicates with an enclosure sur- 
rounding the fuel can and responds to any helium leak- 
ing out of the latter into the former. 


i. Free radical studies 

Free radicals have been widely studied by mass spec- 
trometry. The vapour to be studied is led into a reaction 
vessel where it is decomposed on a hot surface. The 
reaction products issue from an orifice in the reaction 
vessel to enter the ionization chamber of a mass spec- 
trometer ion source where they are subjected to electron 
bombardment. The mass spectrometer enables free radi- 
cals to be identified readily and the presence of short- 
lived intermediate reaction products can be easily de- 
tected. The concentrations of all reacting species are 
continuously measurable, giving valuable information 
concerning the mechanism of the reaction. Furthermore, 
the ionization potentials of the reaction products can be 
measured without serious difficulty. 


GEOLOGICAL APPLICATIONS 
Mass spectrometry finds an important geological 
application in the determination of the ages of minerals 
and rocks. The mineral to be examined ‘must contain 
an appreciable amount of some radioactive isotope 
whose half-life is comparable with the duration of geo- 
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logical time, i.e. of the order of 10° years, and since 
being formed it should not have suffered any addition 
or escape of this nuclide or the daughter product of its 
decay. The reactions which have been most commonly 
used for the determination of geological age are as 
follows: 


*38U — 2Pbh + 8'He (t; = 45 X 10° years) 
5U — 2"Pb + 7!He (ty; = O07 X 10° years) 
*2Th > Pb + 6'He (t; = 13°8 X 10° years) 
“K > A (t; = 1:3 X 10° years) 
“Rb ‘Sr (t; = 46 X 10° years) 


Of these reactions, the last two have been developed 
over the past three or four years until they are now 
probably the most useful of the dating methods. 

In the rubidium-strontium case, the number of *Sr 
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The two well defined peaks of the fis- 

sion yield curve for U-235 and slow 

neutrons were discovered by mass 
spectrometry (Fig 4) 


atoms formed in a time ¢ is related to the number of 
‘*Rb atoms remaining by the equation 
8*Sr/**Rb = exp (Ar) — 1 

where A is the decay constani. The ratio **Sr/**Rb is 
measured by mass spectrometer. 

“°K decays in two ways: by f-emission to *°A, and 
by k-electron capture to *°Ca. In this case the relevant 
equation is 


10M Ak f lL 
-= 2 Ag + Ax)t] — 1 
oK AL +A oem Fe Sf 


where A, and A, are the decay constants of *°K for 
B-decay and K-capture respectively. 

Methods of geological age determination have been 
developed to such a degree of reliability that discre- 
pancies between the results obtained by different 
methods on minerals from the same region allow con- 
clusions to be drawn concerning geological events in that 
region. 


References : 

1. Waldron, J. Research 1956, 9 p 306 

2. Waldron, J. editor Advances in Mass Spectrometry. Proceedings of the 
Joint Conference on Mass Spectrometry, London, 1958. To be published 
by Pergamon Press 
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HAVING decided that it will have to do 


a lot more research and development 
on nuclear power stations itself instead 
of relying entirely on data supplied by 
the AEA, the Central Electricity Gen- 
erating Board is determined to waste 
no time. Already a director has been 
appointed for the Berkeley laboratory 

due to be completed by next autumn 

and prospective staff are being inter- 
viewed. The present idea is to build 
up to a strength of about 500 and peg 
it there. Meanwhile R & D at Leather- 
head is being stepped up: in addition 
to work on materials (including graph- 
ite), and heat transfer characteristics 
of fuel elements, a new group is to be 
formed to develop heat exchangers 
right up to the prototype stage. Incid- 
entally a three-dimensional compute 
study of instability which was started 
in this country but later moved to the 
US (it was done on an IBM 704 there 
because of the non-availability of 
enough time on the British machine) 
is now almost complete. 


SUPPOSE the never-ending struggle 
between design, operating and safety 
people is inevitable and perhaps even 
extremely useful, but though argu- 
ments may get pretty abusive at the 
drawing board stage on such topics as 
whether to design for half a million 
pounds’ worth of remote handling gear 
or let a man nip in for three minutes 
with a spanner the operator will doubt- 
less continue to think up his own little 
tricks in the end. 

One such, related in the Annual 
Report for 1958 of the Chief Inspec- 
tor of Factories, just published, con- 
cerns an industrial radiographer (now 
partly bald). The doors of the X-ray 
rooms at his works are interlocked 
with the main switch, and a red light 
indicates when the current is on. The 
controls are outside. A good, safe sys- 
tem, one might think, but the designers 
didn’t reckon sufficiently on the labour 
saving instinct. In practice our radio- 
grapher, and possibly others, worked 
out the following routine: 

1. Before entering the room to remove 
work just photographed and place new 
work in position, adjust the settings 
on the switchboard outside for the 
new exposure and leave the main 
switch on, 

2. go in and reset the work, 

3. close the door and press the but- 
ton on the time switch. 

The exposure can thus be started with- 
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out using the main switch, which is 
in effect replaced by the door. In addi- 
tion more labour can be saved by not 
bothering with the plumb line to centre 
the tube, but placing the head close 
to the aperture and looking vertically 
downwards to ensure proper setting. 

Unfortunately, one day while he was 
in the middle of it all, someone closed 
the door. This of course switched on 
the current. Two weeks later he 
attended the works surgery with a 
patch of baldness about 1} in. in dia- 
meter on the top of his head. ‘ He 
escaped very lightly * says the report... 


WILL trains of lorries carrying tenders 


— 


for nuclear power stations soon be- 
come a familiar sight in the streets? 
According to Sir George Dowty the 
industry is rapidly submerging under 
mounting tons of paper. His statement 
to the Annual General Meeting of the 
Dowty Group contains the following 
‘I am sorry to say that 
in general the young and enthusiastic 
nuclear industry is fast becoming a 
paper work industry of tenders and 
quotations.” He adds that the total 
national effort devoted to the prepara- 
tion of tenders for ‘this complex 
equipment’ often approaches the total 
value of the contract. Though I feel he 
goes a little far, there is undoubtedly 
a lot of paper in the business. I cal- 
culate that tenders for the five stations 
so far ordered in the UK alone 
weighed more than 20 tons, and money 
spent in preparing tenders must now 
be well past the £1 million mark. And 
this is for home contracts only. The 
whole thing presents quite a dilemma 
but against this it must be remembered 
that the work involved will diminish 
as firms accumulate drawings and spe- 
cifications in what after all is a very 
new field. And could it be suggested 
that some groups are not as efficient in 
preparing tenders as they might be? 
While one gives £250,000 as the cost 
of their first bid for a station, another 
maintains that they did the job for 
not much over £100,000. 


cri de coeur: 


AM GLAD to hear that the govern- 
ment is coming round to the idea of 
a National Radioactive Waste Disposal 
Service for industry. This would be an 
advance on merely incorporating safety 
standards in the new factory regula- 
tions. The set of proposals for national 
rules on what firms can and cannot do 


with the stuff, which were drawn u 
after discussions in the last Parliamer 
are, I understand, still going tl 
rounds. Certainly users would be gla 
to have the thing put on a nation: 
basis instead of the present local cour 
cil set-up, which is obscure enough t 
send two or three companies a wee 
to Harwell pleading for guidance. 


PUBLIC enquiries on siting of nuclea 


power stations, research establishment 
etc. can get fairly lively in thi 
country, but I’ve seen nothing to matct 
a shindig reported to me from the US 
recently. The Walker Trucking Co. of 
New Britain, Connecticut, wants 
authorization to package and store 
radioctive by-product and_ source 
material at an additional site. The AEC 
attitude is favourable but the company 
is opposed by the Mayor of New 
Britain and a group of some 150( 
people who have signed a petition 
The hearing was. acrimonious and 
marked by statements of suspicion 
against both the AEC and the Govern- 
ment. The last straw came after a pro- 
test by the petitioners that they needed 
expert advice and time to get it. Some- 
one was heard to refer to them as ‘a 
bunch of ignorant people’ and the 
whole thing almost broke up in dis- 
order. The AEC litigation counsel 
protested in vain that no one in the 
AEC had made the statement. People 
in the audience shouted * They did, 
they did” and a woman identified the 
individual as ‘the man right there in 
the light grey suit.’ 
Man in grey suit: 
for the AEC.’ 

AEC Litigation counsel: *‘ No he does 
not work for us.’ 

Afterwards the man declared he merely 
happened to be seated at the AEC 
table because there was a chair avail- 
able. (Cries from the audience of * who 
are you’ etc.) 


‘Me, I don’t work 


On Record 


It is wrong that the heavy electrical 
and boilermaking industry after en- 
couragement . . . to take considerable 
risks to meet the nuclear power pro- 
gramme should now be in the 
position of such delayed profits—in 
fact in some cases, immediate losses. 
Sir Edward Thompson. 


I stood silent for a moment and then 
turned away. I had never seen her cry 
before. She had remained as controlled 
as an automatic reactor. Now, perhaps 
we'll get to the heart of the matter, I 
thought. ... 

Story in ‘Woman’ magazine 


Zeta we find extremely difficult to 
understand. 
Sir William Penney 
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COMPLETE FACILITIES. The overall re- 
actor area comprises |. Reactor building, 
2. Control room, 3.Delay tank, 4. Prim- 
ary pump house, 5. Secondary pump 
house, 6. Aldermaston Lake, 7. Water 
demineralization plant, 8. Boiler house, 
9. Sub-critical laboratory, 10. Effluent 
treatment plant, 11. Change room, 12 
Active storage area, and 13. Laborator- 
ies and office 


THE FIRST privately owned reactor, 
Merlin, has been brought into opera- 
tion. Built by AEI-John Thompson 
Industrial Nuclear Energy Group for 
AEI’s research laboratory at Alder- 
maston Court in Berkshire, fuel load- 
ing commenced on July 7 and it 
became critical on July 16 (see 
Worldview, August). 

This medium energy research light 
water-moderated reactor began as a 
design study in 1955 at the request of 
the United Kingdom Atomic Energy 
Authority. Originally the maximum 
power level was set at IMW, but the 
reactor was subsequently redesigned 
so that it would operate continuously 
at 5 MW, as there appeared to be a 
demand from overseas for a higher 
powered unit and partly due to short- 
age of test facilities in the UK. 

The complete installation was built 
at a cost of £575,000, of which 
£275,000 was absorbed by the cost of 
the reactor proper and £120,000 for 
the uranium fuel. When operating at 
full power and allowing for 100%, 
depreciation or amortization over a 
period of ten years, the operating 
charges are anticipated to be approxi- 





THE REACTOR TANK. Above, the core 

lattice and fuel element storage com- 

partments seen through the shielding 

water. Right, manual loading of the fuel 
elements 


MERLIN 


PROGRESS IN INDUSTRY | 


AEI's high flux reactor 


mately £100,000 per annum. These 
costs, when considered in relation to 
the maximum radiation fluxes and ex- 
tensive experimental facilities avail- 
able, compare very favourably with 
the operating costs of a 1OMW reac- 
tor, such as Dido or Pluto, which 
range between £500,000 and £MI1 a 
year. 

The Merlin reactor incorporates a 
core which can be moved vertically to 
give four stations. The top position 
permits easy manual withdrawal of 
fuel or experimental apparatus from 
the core and the lowest position is for 
storage purposes and is so arranged 
that it is virtually impossible for loss 
of coolant to occur. By having two 
intermediate positions, the maximum 
number of experimental facilities are 
incorporated. With the core in the 
lower operating position, two horizon- 
tal graphite thermal columns, 7 ft 4 in. 
long and 4ft 6in. square at the ex- 
perimental face of the shield; one 
12in. and three 6in. diameter hori- 
zontal beam tubes ; and a vertical hole 
in the core, 24in. X 3in. X 3in. are 
available. When the core is brought 
into the upper operating position, four 
6 in. diameter horizontal beam tubes ; 
two 6in. diameter tubes straight 
through the reactor passing close to 
the core face; two 6in. X 3 in. sec- 
tion vertical tubes parallel with and 
close to the core face; a vertical hole 
in the core, 24in. X 3 in. X 3 in.; and 
a shelf to take objects, of maximum 


















































































dimensions about 2 ft cube, up to the 
core face may be used. Remote con- 
trolled mechanisms have been used to 
operate the shielding of the thermal 
columns and sealing plates of the 
horizontal facilities—these latter func- 




























EFFICIENT DESIGN. The experimental 
facilities and one of the two thermal 
doors with its elevating mechanism 


tion in a similar manner to the breech 
blocks of guns, in that after moving 
across the face of the tube they move 
a short distance inwards to form a gas 
and liquid tight seals. 

The radiation fluxes available at 
SMW power level are 4 < 10'*/cm?s 
thermal neutrons at the core centre, 
10'* maximum in the experimental 
holes and between 2 * 10'° and2 X 
10'* in the thermal columns. 

Extensive effluent treatment plant, 
employing filtration and ion-exchange, 
is included within the reactor area for 
processing water from the secondary 
cooling circuit which is returned to the 
adjacent Aldermaston Lake. As this 
water eventually flows out into the 
River Kennet and on into the Thames, 
particular interest is being taken in 
checking any possible low radiation 
effects on the fish and bird-life using 
the lake. In addition to the local 
authorities, the Ministry of Agricul- 
ture and Fisheries, the Kennet and 
Thames Conservancy Boards, the Port 
of London Authority, the Metropolitan 
Water Board as well as the AEA col- 
laborate with AEI and take part in 
regular discussions and investigations. 
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PROGRESS IN INDUSTRY 


A first-hand report of work 


in progress in the new Atomic 


Power Centre at Whetstone 


Nuclear research by English Electric 


THE Atomic Power Centre at English 
Electric's Whetstone works, officially 
opened by Lord Mills on July 24, pro- 
vides new and excellently equipped 
facilities for a division of the company 
which was formed in 1954. Since then 
the company state that the staff has 
grown to a strength of over 800, the 
majority of which are qualified, with an 


expenditure approaching £M2 _ per 
annum. The work covers research, 
development, design, construction ana 


commissioning of nuclear stations and 
NUCLEAR POWER was recently invited to 
see the laboratories. Problems 
tackled cover final design and construc- 
tion of Hinkley Point, designs for the 
export market, preparation of tenders for 
Dungeness and Sizewell, and preliminary 
development towards an AGR, as well as 
fundamental research. In all this close 


being 


Complete fuel elements are tested in 

these furnaces for up to 5000 hours at 

maximum temperatures of 500°C. To 

simulate stacking conditions each ele- 

ment is loaded at the top and tested for 
bowing 





collaboration is maintained with Bab- 
cock & Wilcox and Taylor Woodrow and 
some of the work is done under the 
auspices of the Nuclear Power Colla- 
borative Committee of the four consortia. 

Following the agreement with Atomics 
International (Worldview, July) English 
Electric staff are undergoing training in 
the USA for three or four years but 
work on organic moderated reactors at 
Whetstone is now getting under way. 

Giving theoretical backing to all re- 
search and development work at the 
centre is an impressive computer section, 
comprising the digital machine Deuce 
and two analogues designed and built at 
Whetstone—Pluto and Mars. A third 
analogue, Saturn, is due for completion 
in 1960 when it is expected to be the 
largest in Europe. 

Pluto is a four-plane reactor simulator, 
containing 100 amplifiers in a fixed cir- 
cuit, used for transient and fault analysis 
of Hinkley Point and other GCR sys- 
tems. Safety problems such as complete 
failure of blowers or ducting can be dealt 
with, and the design of the Hinkley 
Point fuel element sleeves was initiated 
on Pluto. Mars is a more flexible, gen- 
eral purpose machine with 200 amplifiers, 
operable as a whole or in two parts. It 
is used for similar but more complex 
problems to those soluble on Pluto and 
has improved overall accuracy. Now one- 
sixth complete, Saturn will contain 1512 
computing amplifiers in 6 banks of 252 
which can be used separately or coupled 
to any or all of the others. Among the 
problems which will be tackled with 
Saturn are reactor instabilities, power 
station control, and analysis of 3-dimen- 
sional stress problems. 

No irradiation facilities nor any hot 
handling cells have yet been installed at 
Whetstone, the company being able to 
call on the UKAEA for facilities of this 
type. 

A great deal of effort in the Research 
and Development department is devoted 
to designing and testing fuel elements, 
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and in the newly commissioned toxic 
laboratories complete prototype elements 
can be produced from billet in the form 
of bars, tubes and plates. For this there 
are facilities for melting, casting, rolling 
and swaging, quenching (water and salt 
bath), annealing, canning, and helium fill- 
ing. Both magnox/uranium and Be/UO 
elements will be made and tested for 
mechanical strength in a battery of 
furnaces. 

Also in the toxic area is a beryllium 





Hot rolling facilities form part of the 
fuel fabrication shop where prototype 
elements can be made from billet 


laboratory where experiments are in pro- 
gress on stress-rupture, creep, corrosion 
and its sensitivity to water content in the 
atmosphere, and fusion and pressure 
welding. Fundamental work on UO, in- 
cludes measurement of conductivity by 
radial heat flow and factors effecting ii 
such as grain size and thermal shock. 

In the materials division the search 
goes on for metals and ceramics which 
will stand up to reactor conditions. Mag- 
nesium alloys, zirconium alloys, steels, 
and all reactor materials are tested, in 
some cases up to 15,000 hours, for their 
mechanical and chemical properties in 
carbon dioxide atmospheres at tempera- 
up to 400°C for gas-cooled reactors and 
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at temperatures for the AGR 
(Ti tensible temperature range 1s 
ch ristic of a number of rigs in the 
Ce so that the same apparatus can 
be | for GCR and AGR work.) This 
wo is already produced an improved 


material for second-round 


al 

GCt a magnesium-zirconium alloy 
already on the market which shows im- 
pro mechanical properties and equai 
corrosion resistance. 


One of the most interesting corrosion 
ems is the effect of impurities in the 
cooling pond water on heat-treated fuel 
element cans. Two large test rigs and one 
laboratory scale experiment have shown 
that after 100-day tests chloride corrosion 
can be severe. This could be a problem 
for ponds exposed to sea spray. The 
attack is more serious on the fins than 
on the can body, probably due to the 
effect of machining. 

In the new graphite laboratory, which 
is only just starting up, the programme 
work on flaw detection, 
methods of joining, and effects of irradia- 


prob! 


will include 


tion. For the latter irradiation facilities 
at Leicester Technical College will be 
used. Other ceramics under study are 
gadolinium and samarium oxides for use 
as control rods and AIO, and MgO as 
structural materials. 

In the heat transfer laboratory there 
are two atmospheric rigs for prelimin- 
ary sorting by relative performance of 
fuel can designs and one in which CO, 
is circulated at 200 Ib/sq. in. and 400°C. 
In two months this temperature will be 
stepped up to S00°C and the flow 
doubled, and another pressurized rig 
added 





Basic heat transfer studies by optical 

methods are performed in the mechani- 

cal engineering division using a glass 

wind tunnel and a Mach Zender inter- 
ferometer 


Another rig measures interface heat 
transfer from the fuel to the canning 
surface. This uses a uranium cylinder 
lin. dia. and lin. long and a Magnox 
specimen inside a vacuum bottle. Heat 
transfer is measured for varying pressure 
on the interface. A critical factor is the 
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surface finish of the fuel, but although 
the specimens are ground and actual fuel 
bars are turned, it seems that experimen- 
tal results are applicable owing to the 
fact that the can is pressurized on to the 
fuel. In the same laboratory is a sleeve 
conductance rig used for testing sleeving 
materials for Hinkley Point and also for 
testing the efficiency of possible insulators 
for use in an AGR. 

Bearings and lubrication problems are 
being studied on an ad hoc and semi- 
fundamental basis in the engineering lab- 
oratory. Oils and greases are not in the 
programme because of their radiation 
sensitivity and work is concentrated on 
graphite, molybdenum disulphide and 
other inorganic lubricants. Temperature 
limits are 150-400°C at the moment but 
the sights are set higher than this. Wear 
of ball-bearings under radial and axial 
loads is measured by weighing and 
microscopy, including electron micro- 
scopy. In components subjected to the 
highest radiation, such as fuelling mach- 
ines, burst slug detection gear and cer- 
tain valves, the aim is to use no lubrica- 
tion at all. Recent work has shown that 
this may be possible by using races with 
the metal cage of the same hardness as 
the ball bearings. 

Instruments for measuring fuel ele- 
ment temperature are also tested in this 
division and the system chosen for Hink- 
ley Point has been tested here for 1000 
hours. It is a thermocouple method con- 
sisting basically of two contacts, one in 
the fuel element and another in the mod- 
erator, held in electrical contact by a 
spring. Here also the control rod gearbox 
has been tested under reactor conditions. 
Its efficiency—an important parameter in 
emergency shut-down calculations—has 
been found to be 89%. 

Although not a part of the Atomic 
Power Division, the Mechanical Engin- 
eering Laboratory is making an import- 
ant fundamental contribution to the 
company’s nuclear activities. The mathe- 
matics group is using a Deuce digital 
computer as well as the three analogues 
for problems such as the effect of con- 
trol rod penetration on reactivity and 
calculation of the building frames for 
Hinkley Point. Stress analysis covers the 
pressure vessel support skirt and the gas 
circuits. Vibration investigations on con- 
trol rod chutes and nests of bent tubes 
for the b.s.d. gear are also in progress. 
For fundamental heat transfer work, an 
interferometer tunnel is used comprising 
an accurately machined glass wind tun- 
nel and a Mach Zender interferometer. 

Complementary to the research and 
development on Hinkley Point is testing 
some of the completed gear. In an 8Sft 
pit in the fabrication area the fuelling 
machines will be tested under full work- 
ing conditions (except radiation). A 
scaled-down reactor model will be built 






































































Mars, one of two analogue computers 
already in use, is a general purpose 200 


amplifier machine used for Hinkley 
Point design problems including safety 
conditions 


in it comprising a Sft dia. vessel with 
39 channels, in 16 of which the carbon 
dioxide flow can be used. Tests on con- 
trol rod operation and fuel element with- 
drawal systems will be performed on two 
more pits, each 35ft deep. 

Although Whetstone is predominantly a 
design and development centre, the com- 
pany have decided to install their graph- 
ite machine shop there in order to main- 
tain the necessary contact with the ana- 
lytical section. The moderator, tile and 
reflector production line is already in op- 
eration in strict clean conditions. About 
150 moderator blocks are being pro- 
duced per day at the moment, but this 
can be stepped up to one per 14 mins 
Automatic machine tools and materials 
handling are a feature of the shop with 
a punched card system for accurate and 
prompt material control. 


In the toxic laboratories fuel element 
materials are tested for their heat trans- 
fer properties 

















New Product Survey 


PLANT - EQUIPMENT - INSTRUMENTS : MATERIALS 





NUCLEONIC 
INSTRUMENTATION 

single chassis system 
For proportional counting, ionization 
and fission chambers, and utilizing a 
single chassis, Hamner Electronics com- 
bine a basic non-overload amplifier and 
a highly regulated, low voltage power 
supply with a differential discriminator, 
plus an independently controlled integral 
discriminator. The Hamner N-354 Pre- 
amplifier is available as an adjunct to 
the system and may be easily cabled to 
it. Rise-time is less than 0-2 microsecond 
and linearity in the 0-100 volt range is 
better than 0-1% into loads greater than 
10K. 

The integral discriminator provides a 
good method of monitoring the total 
count or the count above any predeter- 
mined level while carrying out the differ- 
ential pulse height analysis with the dif- 
ferential discriminator. It has a resolution 
of 1-5 microseconds and a linearity of 
0-5' 

The pulse height analyser has a re- 
solving time of 1-3 microseconds, a base 
line range of 0-100 volts and a window 
width of 0-10 volts with larger voltage 
ranges optional. The base line stability is 
less than 50 mV per day. The integral 
discriminator has a resolution of 1-5 
microseconds and a linearity of 0-5%. 
The N-354 preamplifier employs a feed- 
back amplifier having a gain of approxi- 
mately 25 with fast-rise-time output 
pulses. Input polarity is positive or nega- 
tive Maximum rise-time is 0:1 
second. 

Tick No 208 on reply card 


LEAK DETECTON 

vacuum pumping system 
Edwards High Vacuum have produced 
test equipment for heat exchanger ele- 
ments and complicated pipe-work met 
with in nuclear projects. The 9TO1 unit 
consists of a panelled metal framework 
into which is mounted a vacuum pump- 
ing system. The instrument panel on the 
front of the unit contains the valve con- 
trols, leak detection and vacuum gauge 
control unit. 

The pumping system comprises a prim- 
ary oil diffusion pump, 903B backed by 
a secondary diffusion pump, 203B, both 
these pumps are, in turn, backed by a 
1SC450 rotary vacuum pump. This system 
is provided with valves to isolate the 
workpiece from the diffusion pumps; to 
permit the test piece to be evacuated to 
a pressure of below 0-1 torr by the 
mechanical pump prior to the use of 
the diffusion pumps; and so that a large 


micro- 
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test piece may be evacuated to a pres- 
sure below 0-001 torr by the primary 
diffusion pump and the mechanical pump 
without submitting the secondary diffu- 
sion pump to a large gas throughput and 
consequently contaminating the _inter- 
space pipeline. Other valves permit the 
mechanical pump to back the secondary 
diffusion pump for standard pumping 
procedure; govern the throughput of gas 
between the two diffusion pumps to offer 
the optimum leak testing pressure in the 
interspace; make adjustments to the inter- 
stage pressure; admit air to let the test 
piece return to atmospheric pressure at the 
conclusion of each cycle; vary the hydro- 











Specially designed for 

pressure vessels and banks of pipework, 

the Edwards High Vacuum 9TO1 unit has 
separate ‘ roughing ’ pump facilities 


testing large 


gen concentration in the interspace pipe- 
line. A ‘ Speedivalve’ is fitted for inter- 
space pipeline isolation purposes. 

For measuring vacuum a B4 thermal 
(Pirani) type gauge is fitted, together 
with a DTI discharge tube. Two gauge 
heads are provided, one mounted in the 
pumping line to give indication of pres- 
sure in the component being tested, while 
if the hydrogen/ pirani leak test technique 
is being used, the other head will be 
mounted in the interspace between the 
diffusion pumps to act as a detector. 

Two types of leak detector gauges are 
commended for use with this pumping 
system, the LT6 having a sensitivity of 
10-2 lusecs used in conjunction with the 
M6A Pirani gauge head and the LT4 
which is far more sensitive being able 
to detect leaks in the region of 10-5 
lusecs. 

Tick No 209 on reply card 


BOOSTER RELAY 


speeding valve operation 
A booster relay, known as Model 61H, 


has been introduced by Sunvic Controls 


which improves design of process © »n- 
trol loops by making it possible te in- 
crease valve stroking speeds consider. 5ly 
without loss of stability. 

Major time lags in any automatic ¢ >n- 
trol loop occur at the diaphragm ¢ )n- 
trol valve, where considerable voli ne 
flows have to be handled which « :n, 
however, be reduced by using a vi ve 
positioner incorporating volume am |li- 
fication but time constants will still ay -r- 
age approximately 10 secs. Also volu 
amplification can lead to instability 21d 
oscillation. 


® 


Using the new relay in conjunction 
with a Sunvic high precision valve px 
tioner, it is possible to stroke a vaive 
fully in 1-5 secs. without any tendency 
to oscillation. A high degree of stability 
is achieved because the relay incorporaies 
an adjustable damping feedback circuit 
which permits tuning response to any 
particular circuit. 

The model 61H will accept input pres- 
sures up to 100 Ib/sq in., and will work 
in ambient temperatures from —40°F to 
+180°F. Dead spot is within 0-05% of 
full scale, linearity within 0°4° of full 
scale and reproducibility, when used 
with a valve positioner and with 4 
valve friction, is within 0-1% of full 
scale. 


Tick No 210 on reply card 


REMOTE CONTROL 
electro-mechanical actuator 
The Series 300 electrically-powered actu- 
ator by Teleflex Products is basically an 

electro-mechanical screw jack. 

The operating motor is normally 
wound for a 3-phase 50 cycle 400 volt 
supply, but motors for other voltages 
can be supplied. Fuil load current of 
the motor is less than 1 amp. A low vol- 
tage system—48 volts—is used for sig- 
nalling to the control room and for the 
indicating lamps, and a 12 volts supply 
is employed for the indicating system 
The actuator can be operated manually 
in the event of a mains failure, a plug- 
in handle being provided. 

Power output can be set to any pre- 
determined value and may be varied 
between 40 and 4000 lb. The standard 
stroke is 12 in. and ram speed 32 in./ 
min, An overload device automatically 
stops the actuator and switches off the 
supply in the event of a load higher 
than that specified being thrown on the 
actuator. Cam-operated limit switches 
are provided for either direction. They 
are fully enclosed and visual indication 
of direction of travel is given through a 
window. A standard fitting is a twin disk 
brake, electrically released, to check 
over-run and provide instant and posi- 
tive locking at any position of the 
stroke. 

Some of the more common applica- 
tions of the actuators are: operation of 
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In the Teleflex 300 actuator the mechanism remains clean at all times and free 

from fire risk. The thread is fully protected by a steel outer shroud, a wiper seal 

between end cap bearing and push rod. The casing is of stove-enamelled corrosion- 
resisting steel and aluminium 


groups of valves from a centre control 
panel: the operation of valves, dampers 
etc., which are normally inaccessible; re- 
mote control of equipment in areas 
which are dangerous to life, for example 
in chemical and nuclear engineering etc. 
[he actuator incorporates its own trans- 
mitter and position signals are relayed 
to the instrument panel without addi- 
tional outside linkages. The weight of 
the unit is only 56 lb, the overall length 
35 in. and the width 5 in. 

Tick No 211 on reply card 


NEUTRON COUNTING 
foil service available 


Accurate, reproducible spectral deter- 
minations are now possible by using a 
system of neutron detection foils devel- 
oped by Aerojet-General Nucleonics. 
Cross calibration and standardization of 
fast neutron data are obtained by meas- 
uring the spectrum in six energy incre- 
ments : 

1. Thermal fluxes are measured with 
gold or cobalt foils. 

2. Neutron energies greater than 1 keV 
are measured by plutonium-239 foils. 

3. Neutron energies greater than 1-5 
MeV, by uranium-238 foils. 

4. Neutron energies greater than 2-9 

MeV, by sulphur-32 foils. 

Neutron energies above 5-3 MeV are 

measured by analysing the products 

of the (n,p) reaction on aluminium- 

27 foils. 

6. Energies greater than 8-6 MeV, by 
analysing the products from the (n,@) 
reaction on aluminium-27 foils. 

\ boron-10 shield is used to protect 
the fission foils from thermal neutrons 
during irradiation. Cadmium covers are 
available for use with the gold and 
cobalt foils for determining the cad- 
mium ratio. Sulphur foils are repackaged 
in ‘cold’ aluminium after their irradia- 
tion, thus eliminating the possibility of 
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mistaking certain reactions in aluminium 
for those in sulphur. 

These accessories, together with high- 
precision counting equipment and Aero- 
jet technical services, are now available 
to purchasers of either individual items 
or complete foil sets. Irradiated, calibra- 
ted foils will be supplied for cross- 
calibrating the user’s counting system 
with the Aerojet reactor-and-counter 
complex. Or a calibrated detector and 
sample holder can be used, The detector 
includes photomultiplier tube, cathode 
follower, and cables; it is delivered ready 
to use with amplifier and scaling equip- 
ment. If desired, Aerojet will handle the 
entire spectrum analysis, including pre- 
paration of foils, counting and data re- 
duction. 

Tick No 212 on reply card 


THE NANOSCOPE 
sampling fast waveform 


Developed by the Atomic Energy Re- 
search Establishment, Harwell, primarily 
for use with scintillation counters, this 
auxiliary unit will, when connected with 
an ordinary laboratory oscilloscope, 
permit the observation of very fast repe- 
titive waveforms of the order of a few 
nanoseconds (10-° second) duration. 

Manufactured by Lion Electric Deve- 
lopments Ltd., the Nanoscope operates 
by sampling the fast waveform with 
very narrow pulses at a number of 
points. This results in the production of 
a series of pulses, stretched to render 
them visible on a normal oscilloscope of 
restricted bandwidth, which are propor- 
tional in amplitude to the corresponding 
ordinates of the sampled waveform. 
These ordinate pulses are brightened at 
their peaks, thus tracing the fast wave- 
form as a series of dots on the oscillo- 
scope. 

Circuits within the unit provide for 
the sampling of the waveform at pro- 
gressively later points, and ensure that 


once a sampling has been made it is 
not possible for the sampling circuits to 
be triggered into action again until the 
first sample has been displayed on the 
screen. 

In order that the sampled pulses may 
be centred on the screen, means are pro- 
vided to delay the sampling pulse until 
the time base sweeps have started and 
have reached the appropriate point for 
the display. Coarse and fine delay ad- 
justments are provided for this purpose. 
The latter is a helical potentiometer with 
1000 divisions, the whole of its range 
being equal in delay to twice the time- 
base sweep. Since this can be set to as 
low as 50 nanoseconds, it follows that 
each division of the fine delay potentio- 
meter corresponds with 0-1 nanosecond. 
The instrument is therefore capable of 
measuring very short intervals in time. 
The intrinsic rise time of the device is 
somewhat in excess of 2 ns. 

The equipment is provided with a 
probe which, with range switches on the 
main unit, gives four settings for input 
voltages from 0-5 V to 30V. An inter- 
nal square-wave generator enables the 
amplitude of the waveform being ex- 
amined to be checked to within 5%. 
Tick No 213 on reply card 


COLD BOX INSTALLATION 
for low temperature work 


Research and Control Instruments Ltd., 
sole distributors of Philips scientific 
equipment in the United Kingdom, 
announce the introduction of the Philips 
Cold Box installation. Believed to be the 
first of its kind in the world, it has a net 
content of about 400 litres for tempera- 
tures down to minus 160°C. Refrigerating 
capacity at minus 100°C is 4400 Btu/h 
and 2560 Btu/h at minus 160°C. 

The unit is cooled at any preset tem- 
perature by the circulation of cold gase- 
ous air from a specially-designed head 
of the Philips gas refrigerating machine. 

The temperature control system con- 
sists of a resistance thermometer and a 
phase-sensitive relay unit; and for the re- 
cording and automatic controlling of the 
box temperature an electronic tempera- 
ture recorder, a programme transmitter, 
and a multi-point potentiometer recorder 
are available, in accessory form. 

The installation can also be made suit- 
able for the production of liquid air 
during the periods that cooling of the 
box is not required by the addition of a 
special ice separator, and liquid air de- 
livery pipe. 

Among the applications for which the 
cold box installation is suitable are pre- 
servation of chemicals and materials; 
low temperature treatment of metals, 
shrink fitting; prevention of ageing of 
aluminium and magnesium alloys; chill- 
ing of stainless steel; environmental test- 
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ing of electrical components; and low 
temperature chemistry. 
Tick No 214 on reply card 


TWO-PRESSURE VALVES 
with automatic kick-in 


A range of pneumatically operated two- 
pressure valves for hydraulic control 
have been introduced by Hunt & Mitton 
Ltd. The valve raises a ram on low pres- 
sure, and when the press is closed, the 
high pressure is admitted immediately 
through the automatic high pressure inlet 
valve. If required, the high pressure 
‘kick-in” may be delayed for a pre-de- 
termined period by means of a subsidiary 
diaphragm top on the high pressure inlet 
valve. This valve will close immediately 
pressure is released from the ram, thus 
preventing the loss of valuable high pres- 
sure fluid to drain. 

The valve may be operated through a 
manual Pilot Valve or through an elec- 
tric timer. 

Seat sleeves and seats are made from 
stainless steel hardened to 500 to 550 
Brinell, valve disks are of stellite, with 
the stems of hardened K monel, hard 
chrome plated, to ensure smoothness of 
operation and which are in hydraulic 
balance. The ports in the seat sleeve 
are so spaced to prevent loss when the 
stem is moved from one seat to another 
These valves are suitable for use with 
oil or water for working pressures up to 
4000 Ib/sq in., 
2 in. to 3 in. 
Tick No 215 on reply card 


and are made in sizes 


HIGH SPEED DECADE 
SCALER 


nucleonic and X-ray counting 


The Hamner N-270 rack mounted 
Decade Scaler is especially suitable for 
use in monitoring applications in the 
nuclear research field, reactor water 
supply systems, X-ray instrumentation, 
analytical chemistry and the petroleum 





Very clear presentation is a feature of 
the Hamner N-270 decade scaler em- 
ploying 6, 7 or 8 DCU assemblies 


industry research laboratories and refin- 
eries. The unit provides a choice of 6, 
7, or 8 plug-in assemblies of the DCU 
type and features a resolution of 1 
microsecond for pulse pairs. Preset count 
is 10, 100, IK, 10K, 100K, 1M, 10M and 
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100M, when 8 decades are used. All con- 
trols are on the front panel. High-speed 
print-out or manual read-out is avail- 
able and completely remote operation is 
provided through electronic gating. 

Tick No 216 on reply card 


CENTRALIZED LEVEL 
CONTROL 


distant probe location 
A development of Fielden Electronics’ 
Tektor Minor level controller enables up 
to 150 feet of coaxial cable to be used 
between probe and unit. Multiple con- 





Centralized level indication is provided 
by six Fielden Tektor Minor electronic 
units built into one case—the probes 
may be any distance up to 150 ft from 
the indicator 
struction of electronic units permits cen- 
tralized or grouped indication of level. 
The increase in interconnecting cable 
length means that the unit may be con- 
veniently situated at ground level for 
ease of access or maintenance or if cen- 
tralized level control is required, all elec- 
tronic units can be brought together from 
different parts of a plant and housed in 
one case. The interconnecting coaxial 
cable is supplied with the instrument and 
no other cables are required from probe 
to unit and only one mains supply cable 
runs to the multiple unit. With the 
Fielden capacitance system of level con- 
trol there are no electronics at the probe 
end on the container. 
Tick No 217 on reply card 


NEUTRON SHIELDING 


boron- or hydrogen-loaded 
board 


William Mallinson Ltd. announce a new 
shielding material known as Hydrobord 
It is manufactured in two main forms, 
Hydrobord F for fast neutrons and 
Hydrobord T for thermal neutrons, or 
it can be supplied as a combination of 
both. 


Hydrobord T contains approxim: ‘ely 
‘12g elemental boron per cm? per in 
thickness. At this boron loading it ha an 
attenuation factor of 85. Density is 
approximately 104 Ib per ft. It is me: .u- 
factured in sheet form from whic! it 
can be easily laminated or machined to 
various shielding structures. Hydrobo: | F 
is designed to provide high hydro en 
content evenly dispersed in mass. | is 
made in block form to an approxin :te 
size of 4ft 8in. X 2ft 6in., from wh ch 
larger structures can be built up. Weicht 
is 831b per ft*, thermal conductivity ‘2 
kcal per mho. The approximate chemi- 
cal composition is C,H,,O,. This is a 
rigid, stable material easily machined and 
of considerable strength. Its uses vary 
from such things as refuelling machine 
to small shielding plugs. 

Hydrobord FT, for both fast and ther- 
mal neutron shielding, is a combination 
of the above two. Proportions can be 
easily adjusted to requirements. 

Tick No 218 on reply card 


IN BRIEF 


Vibrator. A_ rotary electric vibrator 
manufactured in four sizes has been in- 
troduced by Sinex Engineering. Consist- 
ing essentially of a squirrel-cage motor 
carrying out-of-balance weights at both 
ends of the rotor shaft, it is more com- 
pact than previous models and dust- 
proof. Centrifugal forces varying from 
300 to 7600 Ib can be produced. 

Tick No 219 on reply card 


Gaussmeter. A new precision instrument, 
the model G-50I1 from Harvey-Wells 
Electronics, USA. Accuracies to within 
2°, are claimed for rapid measurements 
using charts converting counter indica 
tions directly to gauss. It has a modula- 
tion sweep range of zero to 20 gauss, and 
field measurements between 300 and 
20,000 gauss using standard probes, are 
readily obtainable 

Tick No 220 on reply card 


In miniature. A new range of panel- 
mounting 240° scale miniature instru- 
ments with 2in. and 24in. dials is an- 
nounced by Crompton Parkinson. A par- 
ticular feature of these d.c. moving coil 
instruments is the inaccuracy limit of 
1%. 
Tick No 221 on reply card 


Gauge tester. Budenberg Gauge’s new 
model the Ranger offers a high degree of 
accuracy on pressure readings between 
10 and 8000 Ib/in.’ 

Tick No 222 on reply card 


Dry film. Acheson Colloids are now mar- 
keting their new range of resin bonded 
dispersions of PTFE under the trade 
mark Emvalon. The makers claim a sig- 
nificant advance in the technique of dry 
film lubrication and surface coating. 
Tick No 223 on reply card 
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‘(NDUSTRIAL 
NEWSDESK 


Centralized reprocessing 


In August, Vitro Engineering Company, 
a vision of Vitro Corporation of 
America, was awarded a $M4-3 contract 


by the United States AEC, to design and 
engineer a new facility at the Hanford 
Works for the processing of commercial 
power reactor fuels. It is estimated that 
when completed, the entire project will 
cost about $M6 and should be ready to 
receive fuel elements by early 1961. The 
plant will be capable of handling any 
design and shape of fuel elements, in- 
cluding oxides and alloy cores clad with 
aluminium, zirconium and _- stainless 
steel. Elements will be received in 
shielded containers, stored in water, dis- 
mantled mechanically and chemically 
treated in preparation for processing by 
solvent extraction in the existing Redox 
facilities. 

The new plant will be operated by 
General Electric as part of the existing 
AEC-GE contract covering the Hanford 
Atomic Products Operation. Under the 
present power programme, GE is expect- 
ing to receive from 50 to 150 tons per 
year of highly diversified fuel materials 
with up to 5%, U-235 enrichment. 


Australia develops own electronics 


As a result of work by the Technical 
Physics Section, at Lucas Heights, of the 
Australian Atomic Energy Commission 
(AAEC), a transistorized scaler has been 
designed and is going into production 
for approximately one-third the price of 
a comparable imported unit. The first 
batch of these scalers are being made 
by Industria Manufacturing Engineers 
Pty. Ltd., at Sutherland, under contract 
to the AAEC. The Commission is inves- 
ligating the possibilities of making these 
and other instruments designed at Lucas 
Heights available to industry and labora- 
tories throughout the country. To 
implement this work, several new build- 
ings are under construction, costing some 
£600,000, to enable the experimental and 
workshop facilities to be expanded. 


Preference for German fuel 


\t the request of the Japan Atomic 
Power Institute, six Japanese trading 
companies presented, in July, estimates 
from foreign groups for the manufac- 
ture of natural uranium fuel for the 
Japanese No. | Domestic Reactor. This 
1OMW plant is at present under con- 
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GETTING READY FOR SEA. Westinghouse Electric Corp. has built a 








complete simulator of the NS Savannah’s nuclear controls. The trainees 
are able to go through all the operations of start up, stand watches, 
emergency drills and perform all functions connected with the reactor 


struction at Tokai Mura and is scheduled 
for completion by the middle of 1961. 
The fuel required consists of 270 
uranium bars, 2-65m long and 2:Scm in 
diameter and is to be fabricated from 3- 
tons of uranium supplied by the IAEA 
and 3-tons by the Japanese Atomic Fuel 
Bureau; it is the IAEA material which 
is the subject of the present proposals. 
Originally six estimates were submitted 
Atomic Energy of Canada _ Ltd., 
Degussa (Germany), and the US com- 
panies Metals & Controls Corp, Sylvania- 
Corning Nuclear Corp., The Clevite 
Corp., and Nuclear Metals Inc., of which 
the last two subsequently withdrew their 
tenders. On technical evaluation only, 
Degussa’s proposals were considered to 
be the best. The Institute is now investi- 
gating the costs and relevant commercial 
aspects. It is anticipated that eventually 
the Japan Atomic Power Institute will 
also seek foreign aid in the fabrication 
of the fuel elements from the material 
supplied by the Atomic Fuel Bureau 


a ° 
Anticipating the new regulations 

The first commercial radiation monitor- 
ing and tracer service in the UK has 
been introduced by Ekco Electronics 
Ltd. It aims at assisting industry in three 
ways: by site surveys and testing sources 
of radiation, to meet the requirements of 
the impending Factories (Ionizing Radia- 
tions) Special Regulations; measuring 
radioactivity in air, water and sewage 
for Public Health Authorities; and carry- 
ing out tracer experiments for industrial 
and scientific research by employing 
Ekco personnel and equipment for any 
specific project. 

Elliott Nucleonics Ltd. has now in- 
augurated a new advisory and supply 
service for any concern that uses radio- 
active materials on such a scale that in- 
stalled monitoring equipment is a 
practical consideration. Both these ser- 


vices will be of assistance to all branches 
of industry in meeting the new regula- 
tions when they come into force later 
this year. 


More sodium reactor work 

The United States AEC awarded, in the 
middle of August, a contract worth more 
than $M14$ to ALCO Products Inc. for 
the final design and fabrication of a 
sodium-to-sodium heat exchanger and a 
sodium-to-water steam generator; these 
components are scheduled to be com- 
pleted by December 31, 1961. This con- 
tract follows an initial award in 1958 to 
ALCO for the preliminary design of heat 
exchanger components for sodium-cooled 
nuclear power plants and is part of the 
Commission's effort to find less expen- 
sive and more reliable heat exchanger 
units for this type of installation. 

At the same time, the AEC issued a 
contract to Diversified Builders Inc., 
valued at about $M34, to construct a 
sodium boiler plant and integrated fuel 
cycle facility for the Experimental 
Breeder Reactor II project (EBR-II), at 
Idaho. This work covers the third major 
construction phase of the $M29 reactor 
facility and the award was made after 
the apparently lowest bid of the eleven 
proposals submitted was rejected. 


Large manipulator sales 

Three further orders fur neavy-duty 
power-operated manipulators, worth 
about £40,000, have been received by 
The General Electric Co. Ltd. Each of 
these three machines, one for AERE, 
Harwell, one for Japan Atomic Energy 
Research Institute at Tokai-Mura, and 
one for the Swedish A/B Atomenergi’s 
Studsvik Research Station, will be used 
for remote handling of irradiated fucl 
elements. While basically similar to the 
first unit installed at the AEA’s Wind- 
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scale establishment some twelve months 
ago, certain detailed improvements wil! 
be incorporated. The telescopic tubes 
which carry the arm and hand of the 
manipulator are now lowered under 
gravey; the size of the control console 
has been reduced; and the 14 ton electri- 
cally driven hoist which forms part of 
the standard equipment is now mounted 
on its own separate gantry to give the 
maximum height of lift. 


India’s first fuel plant 


The Indian Prime Minister, Mr. Nehru, 
has stated that the fuel fabrication 
plant, being set up at Trombay, near 
Bombay, is expected to go into regular 
operation in September. Most of the 





EXACT LOCATION. Used at Bradwell, 
this Hancock machine accurately locates 
an oxygen burner for cutting control 
apertures. After setting up a pintle on 
top dead centre of the vessel, the com- 
plex movements of the burner are 
generated automatically 


equipment has already been commis- 
sioned and when production is com- 
menced, fuel elements for the Canada- 
India swimming pool reactor will be 
made. Other industrial activities at the 
Atomic Energy Establishment at Trom- 
bay include the manufacture of equip- 
ment for measuring radioactivity. 


> 

UK equipment goes to Italy 
‘Mine’ type precipitators, similar to 
those that have been tested and approved 
for installation at Hinkley Point, have 
been ordered by the Nuclear Power Plant 
Co. Ltd. from Plessey Nucleonics Ltd., 
for the Latina nuclear power station. The 
equipment consists of nine Mark II 
pneumatically actuated precipitators for 
the detection of burst fuel elements by 
identifying fission products in the coolant 

The Italian Comitato Nazionale per le 
Ricerche Nucleari has purchased a com- 
plete electrodialysis stack from William 
Boby & Co. Ltd. for experiments in de- 
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contamination of nuclear effluents. A 
similar basic research plant has been 
supplied to A. Reyrolle & Co. Ltd., for 
metallurgical research. 

In each of the charge machines being 
built by Strachan & Henshaw Ltd., for 
the Nuclear Power Plant Co.’s Latina 
and Bradwell projects, three Taylor-Hob- 
son periscopes are installed—one oi 
them connected with a_ closed-circuit 
television camera. These show the opera- 
tor the exact state of the fuel rod and 
checks that it has been successfully with- 
drawn. To nullify the effect of radiation 
on the inner end of the periscope, the 
window and intermediary lenses are of 
‘ stabilized” glass. 


Trawsfynydd's fuelling 
Simplification was one of APC’s design 
aims for this plant and to this end all 
routine operations required on the reac- 
tor charge face have been concentrated 
into a_ single multi-purpose machine. 
While only one such unit will be needed 
to operate the reactor under normal con- 
ditions, there will be a duplicate stand- 
by machine which will also be available 
for special tasks. 

Each machine, weighing 380 tons and 
standing over 60 ft high, is moved 
around the charge face by an overhead 
crane which is built on the basis of a 
rigid frame into which the shielding is 
placed. The frame consists of three long 
vertical tubes connected at intervals by 
means of platforms which carry ancil- 
lary equipment—the overall structure is 
designed to facilitate rapid dismantling. 

While the principle operation carried 
out by the composite machine is that of 
changing the fuel elements, other opera- 
tions include the changing of the control 
rod units, flux scanning units and thermo- 
couple fuel elements, and the changing 
and adjustment of flattening bars and 
channel gags. 


Sources of radiation in the UK 


In the Annual Report of the Chief 
Inspector of Factories for 1958, issued at 
the end of July, it was indicated that 
some 500 factories now use radioactive 
isotopes and the number continues to 
grow. While about 85 per cent of these 
companies use sealed sources, it is antici- 
pated that future uses will involve larger 
units in the kilocurie range—expected 
applications include cold sterilization of 
surgical materials and pharmaceutical 
products, preparation or preservation of 
foodstuffs and the production of chemi- 
cal changes such as_ polymerization 
reactions. 

Iridium 192, in strengths ranging from 
a few curies up to a maximum of 
approximately 20 curies, is the most 
common sealed source for industrial 


gamma radiography; other sources | <ed 
for this work are cobalt 60, caesium 37 
and thulium 170. The use of thick oss 
gauges using active sources continu: to 
increase in factories and rapid strides .re 
being made in the development of 
gauges for thicker materials, such as 
steel plates: 

Open sources continue to be usec 
tracer work, but the increase in this — p- 
plication has not been as rapid as 
anticipated. A wide range of indust 
has resorted to tracer techniques, such 
using sodium 24 to determine the cor: 
mixing of vitamins in cattle foo 
sodium 24 and gallium 72 in cem« 
kilns; radon to check transit time 
gases through blast furnaces; caesi 
134 to locate getters in television tub 
phosphorus 32 in dye monitors; and 
gold 198 in cider press filter testing. 


More work in US for RN 


A new organization, to be known as the 
Special Atomic Project department, has 
been set up by Westinghouse Electric 
Corporation for the procurement of thx 
propulsion plant for HMS Dreadnougiit 
the UK’s first nuclear-powered sub 
marine. This department will be headed 
by Mr. William R. Ellis, formerly mana 
ger of the power plant section for the 
Shippingport project, who said thai 
‘besides procuring the atomic power 
plant equipment for this British sub 
marine, we are also going to train the 
personnel of Rolls-Royce and the British 
Admiralty in the design and construction 
of this plant so that they can build their 
their own similar plants in the future’ 


Ss 


na + 


Early in August General Dynamics 
Corporation's Electric Boat Division was 
awarded a contract to provide design. 


USING SPARK IONIZATION. The first 

production model of Metropolitan- 

Vickers MS7 Mass Spectrometer designed 

specially for measuring minute impuri- 
ties in solid substances 
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al and technical assistance for the 
lation of Dreadnought’s propulsion 

sv..em. It was this company that de- 

ed the Skipjack to the US Navy on 
15 this year. 


Nimrod contracts placed 

During August, the National Institute 
for Research in Nuclear Science placed 
racts, worth more than £430,000, for 
materials and manufacture of the 
magnetic coils required to energize the 
7000-ton electromagnet of the 7GeV 
proton synchrotron, Nimrod. The con- 
tracts cover 300-tons of refined copper, 
in cast bars from British Copper Re- 
finers Ltd., of Prescot; extrusion of the 
cast copper into hollow rectangular bars 
by James Booth & Co., of Birmingham; 
and Metropolitan-Vickers Electrical Co.., 
of Manchester will manufacture the coils 
from the extruded bars. 


In addition, a substantial contract has 
been awarded to Marston Excelsior Ltd., 
of Wolverhampton, for the development 
and supply of a reinforced plastic 
vacuum chamber. The machine is being 
built for the institute by the UK Atomic 
Energy Authority at the Rutherford High 
Energy Laboratory, Harwell. 


Greater use of metals 

During the coming year, the US Bureau 
of Mines are initiating metallurgical 
studies to improve utilization of zircon- 
ium and hafnium minerals and _ the 
radioactive raw materials, thorium and 
uranium. In addition, the Bureau is to 
intensify research on beryllium and its 
source materials. Studies will be made to 
reduce the cost of separating zirconium 
and hafnium, and determine the effects 
of irradiation and corrosive conditions. 
Research will be carried out to extend 
fabrication techniques of these metals, 
such as deep-drawing, extrusion and 
other forming operations. 

One of the major projects at present 
being undertaken by the four research 
installations of the Bureau is to find a 
use for depleted uranium. Investigations 
include its use for cathodic protection, 
as an ingredient in bearing materials, as 
a heavy medium in mineral separation, 
as a constituent of high-strength steels. 
and as a catalyst in refining shale oil. 


Nuclear activities transferred 


On August 18 the formation of a new 
international company was announced 
jointly by Head Wrightson & Co. Ltd., 
of Thornaby-on-Tees, and Arthur G 
McKee & Co., of Cleveland, Ohio. 
Based on London, the new organization, 
the McKee Head Wrightson Co., will 
combine the experience of the two 
parent concerns, which have been asso- 

ited together for the past fifteen years 


TEST FUEL. A wafer 

of radioactive uranium 

dioxide is prepared by 

Atomics International 

for a critical experi- 
ment 














in contracting for the steel industry, in 
the designing, engineering and building 
of petroleum refineries and chemical 
plants. This work has previously been 
carried out in the UK by Head Wright- 
son’s subsidiary company, Head Wright- 
son Processes Ltd. (HWP), in paraliel 
with their work on materials testing re- 
actors. With the establishment of the 
Nuclear Power Division of Head 
Wrightson’s at the Friarage, Yarm, Co. 
Durham, and to streamline HWP’s par- 
ticipation in the new company, all 
nuclear activities will be transferred to 
the Nuclear Division and HWP’s inter- 
ests in this field will be run down. 


Hot ceramics 

Two General Electric scientists, working 
at the United States AEC’s Hanford 
plant, have designed a carbon arc image 
furnace and temperatures of 5000°F are 
achieved for testing ceramic fuel ele- 
ments. This installation has been so de- 
signed that moving or still pictures of 
the specimen can be made while it is 
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FIRST SHIPMENT. 
AMF Atomics (Canada) 
Ltd. have completed 
60 uranium oxide fuel 
elements of an order 
for 300, each valued at 
approximately $600, 
for Atomic Energy of 
Canada Ltd. 


OE 


being heated and it is kept under visual 
observation during all phases of experi- 
mentation through microscopes. The heat 
is derived from an air-blown, water- 
cooled carbon arc, ray reflected by a 
parabolic mirror at one end of the fur- 
nace to another such mirror at the other 
end. This second mirror focuses the rays 
onto the specimen placed in a quartz 
envelope containing helium. 


Widening engineering activities 
In Powell Duffryn’s annual report, re- 
leased on August 22, their chairman 
stated that not only was Powell Duffryn 
Carbon Products machining graphite 
blocks for Hunterston nuclear power 
station, but that additional work had 
been accepted which will keep this sub- 
sidiary occupied well into 1961. 

Another member of the Group, Cory 
Brothers & Co. Ltd., has acquired the 
share capital of MacCleaster Chemical 
Co. Ltd. This company manufactures a 
range of anti-corrosion compositions for 
metals which not only provide protection 
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AEA BUYS AMERICAN. The first PACE 

Analog Computer to be installed in the 

UK will be shortly set up at Winfrith 
Heath 


against the corrosive effects of atmo- 
sphere, sea water, fresh water, electro- 
lytic and galvanic action but which are 
virtually immune to the attack of hydro- 
carbons and are resistant to temperatures 
of up to 500°C 

In view of Cambrian Wagon & Engin- 
eering Co.'s entry into the chemical and 
petroleum industries equipment field, 
this subsidiary of Powell Duffryn Ltd., 
has, with effect from July 29, changed 
its name to Powell Duffryn Engineering 
Co. Ltd. 


New works for pressure vessels 
Designed to meet the needs of the 
nuclear, chemical and petroleum indus- 
tries, Steels Engineering Installations 
Ltd., of Sunderland, have brought into 
operation a new factory. The production 
shops have been planned to give a very 
fast throughput of pressure vessels and 
heat exchangers and, in addition to the 
normal manufacturing facilities, stress 
relieving can be undertaken. The inspec- 
tion facilities include a 4500 Ib/sq.in 
pump for hydraulic testing and full in- 
dustrial radiography. 


Federal Germany gets accelerator 


Financed through the German Atom 
Ministry, the Max Planck Institute of 
Nuclear Physics, at Heidelberg, has 
placed a contract with High Voltage En- 
gineering Corporation for a 10 million- 
electron-volt research accelerator. This 
equipment, a tandem Van de Graaff 
positive ion unit, will be the largest and 
most powerful of its type and is expec- 
ted to double the useful range of previ- 
ous electrostatic When 
brought into commission, late in 1960, 
it will be used for basic nuclear research 
on the heavier elements, under the direc- 
tion of Prof. Dr. W. Gentner. 


accelerators. 


* ° ° 
Mainly discussions 

Ottawa. A strong UK delegation attended 
this years Commonwealth Standards 
Conference between August 26 and Sep- 
tember 4. The three main technical ses- 
sions covered steel, air receivers and 
crane standards. 
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New York. During the meeting of the 
Special Committee on Oceanic Research 
of the International Council of Scientific 
Unions held between August 29 and Sep- 
tember 12, a considerable part of the 
programme was given over to radio- 
activity in sea water. 

Varenna. Organized by the International 
School of Physics, at Milan, a course on 
Plasma Physics will be held between Sep- 
tember 2 and 15. 

Tokyo. From September 14 to September 
16, the Japan Atomic Industrial Forum. 
Inc and the Japan Radioisotope Associa- 
tion Inc will jointly hold the Third Japan 
Conference on Radioisotopes. 

Geneva. The European Organization for 
Nuclear Research will, between Septem- 
ber 14 and 19, be holding an Inter- 
national Conference on High Energy Ac- 
celerators and their Instrumentation. 
London. * Operational Research at Work * 
will be the subject of a one-day Confer- 
ence organized jointly by The British 
Institute of Management and The Oper- 
ational Research Society on September 
17. 

Vienna. The Third Session of the Gen- 
eral Conference of the International 
Atomic Energy Agency, opens on Sep- 
tember 22 and will probably last for two 
weeks. 

Glasgow. The Scottish section of the In- 
stitution of Plant Engineers are holding 


LARGEST MANIPULATOR. Lifting 5000 

Ib, this General Mills unit will be used 

in the US Project Rover for rocket 
nuclear propulsion development 
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a meeting on ‘ Basic Electronics in ind 
try and commerce’ on September 24. 
Leeds. *‘ Operational research’ will be t 
subject of the West and East Yorksh 
section’s meeting on September 28. 


International exhibitions 

Australia. At the Queensland Centena 
Show held in Brisbane during the thi 
week of August, models of UK nucle 
power stations were included in t 
British Pavilion. 

Sweden. Nuclear power plant equipme 
will be included in the British sectic 
of the St. Eriks Fair in Stockholm, whic 
will be held early in September. 
Germany. A French swimming-pool tyr 
of reactor will be operated at the * Aton 
und Wasser” exhibition to be held 
Essen between September 22 and Oct 
ber 18. 

France. The Machine Tool Exhibitio: 
which opens on September 12, will be the 
starting point for a new EMI Electronics’ 
demonstration unit. Later, main indus 
trial centres in Belgium, Holland, Ger 
many, Switzerland and Italy will be 
visited. 


In brief 


Isotope branding. Radioactive tantalum 
has been used by Sandviken Jernverks 
4/B recently as an identifying material 
in the production of tubing for two heat 
exchangers for Sweden's first commercial 
reactor, which is to be erected at Farsta. 
south of Stockholm. 

More BSD equipment. A contract has 
been awarded to Plessey Nucleonics for 
the Burst Slug Detection equipment for 
the AGR reactor at Windscale, This will 
be the fifteenth installation of this type 
of plant that Plesseys have made. 
Inspection combination. The interests o! 
Messrs. R. F. Fraser-Smith and Inspec- 
tion Services Ltd. have been merged and 
the complete range of non-destructive 
testing equipment will now be available 
from Inspection Services. 

Continuous monitoring. The US Navy's 
Department Bureau of Ships has awarded 
a $135,000 development contract to Tra- 
cerlab to produce a small light-weight 
continuous air particulate monitoring 
system for use in nuclear submarines. 
Far East success. During July, Ekco Elec 
tronics Ltd. received orders, valued at 
some £17,000, from China for scintilla- 
tion counters, scalers and ratemeters. 
To make US equipment. Opperman 
Gears (Holdings) Ltd. have formed a sub- 
sidiary company, LimiTorque Valve 
Controls Ltd. to make the US Limi- 
Torque units under licence. 

US goes behind the curtain, At the end 
of July ten executives from American 
companies made a tour of Soviet electric 
power systems and equipment manufac- 
turing plants. 
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Spert Ill Reactor, Operated by Phillips Petroleum Co. for the U. S. Atomic Energy Commission. 


... Used in SPERT-IIT Reactor 


SPERT-III, the second Special Power Excursion Reactor Test facility now 
in operation at the National Reactor Testing Station, Idaho, will help pro- Fuel Composition 18.8 Weight % UO2 
vide further valuable knowledge of transient behavior of reactors under vari- 
ous conditions of pressure, temperature, and coolant flow. eA 1.431” + .003 

Phillips Petroleum Company, conceptual designer and operator of 3 ” 
SPERT-III for the U. S. Atomic Energy Commission, selected M & C Thickness-fuel.....+-sseeeeeeeeeeeeeeeee 0.020" 001 
Nuclear to supply the UOe-stainless steel fuel assemblies for the reactor. Thickness-clad.........ccccccveccccceceees 0.005" + .001 

These fuel assemblies are built to withstand unusually severe conditions. 

Plates are fabricated to exacting specifications and brazed into assemblies 
with close channel space limitations. 

In addition to SPERT-III, M &C Nuclear has produced UO;- 

SS cermet plates for two other large reactors. Its modern fa- 


cilities and technical know-how permit low cost, quality fuel ele- MA Se cc N U cS LEAR ° i N &. 


ments to meet every requirement. 

Let us assist you in your reactor program by supplying in- P. O. BOX 898, ATTLEBORO, MASSACHUSETTS, U.S.A. 
formation, working specifications, and designs. Write directly 
bo our Manager of Marketing and Contract Administration. FUEL ELEMENTS. CORE COMPONENTS. COMPLETE CORES 


The fuel plates, illustrated, were manufactured to 
the following dimensions and specifications. 
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They said... 


points from papers, speeches, conferences 
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Assessing potentialities 

A rather optimistic view was expressed 
by Mr, C. M, Watson-Munro, OBE, chief 
scientist of the Australian Atomic Energy 
Commission, when addressing the Insti- 
tute of Fuels at Sydney, in April. He said 
that when assessing the contribution that 
nuclear energy could give to the develop- 
ment of Australia, it was necessary to 
answer three major questions. What are 
the likely demands, load factor and loca- 
tion during the next few decades? What 
conventional sources will be available and 
at what price will their products be 
priced? What are the costs of nuclear 
energy at various load factors and vari- 
ous sizes of power plants. 

Over the past four years different auth- 
orities have made forecasts of likely de- 
mands up to the year 2000, all of which 
result in about the same estimate for 
Australia, namely 35,000 MW. Fornuclear 
power to provide a worthwhile and 
economic base load, some 20,000 MWe 
by the year 2000, it will be necessary to 
have nuclear power stations feeding in at 
least 3500 MWe by 1975. 

With lower coal costs it is likely that it 
will be some years after the United 
Kingdom that nuclear power will be 
competitive in Australia, but some of the 
best coals, situated mainly in the Eastern 
States may have to be reserved for use 
as industrial carbon. Hydro-electric 
power could be developed, but this source 
of energy is likely to be restricted to a 
few thousand megawatts and is particu- 
larly suitable for peak loads. 

The overall picture of future Australian 
power requirements will thus be made up 
by nuclear reactors supplying the base 
load; coal-fired stations and hydro-elec- 
tric plants the peak loads. In terms of 
output the breakdown will be: 





rOTAL NUCLEAR 
YEAR Mwe MWe %% NUCLEAR 
1975 10,000 3500 35 
1980 13,500 5000 37 
1985 17,500 7000 40 
1990 23,000 10,000 43 
1995 29,000 14,000 48 
2000 35,000 20,000 57 
He then went on to say that ‘in any 


economic comparison it is desirable to 
clearly state the assumptions used of 
interest and amortization rates. A more 
realistic comparison should also include 
the capital costs of mining (uranium and 
coal), fuel fabrication (uranium), trans- 
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port (coal), waste disposal and transmis- 
sion lines.” 

To bring the price of nuclear energy 
down to an economic level it will be 
necessary to utilize locally occurring 
fuels, uranium and thorium, and to em- 
ploy breeder techniques. Thus * breeder 
reactors should be developed by 1975 
and while the amount of fertile material 
to feed a nuclear power producing sys- 
tem of the kind pictured above will de- 
pend greatly on the type of reactor, it 
might be of the order of a few thousand 
tons of uranium or thorium. To start the 
breeder system off, a capital investment 
of fuel would be necessary and the rat- 
ing of the fuel might well lie between 





Cc. M. WATSON-MUNRO 
_. 20,000 MWe by A.D. 2000 


1/3 MWe per kilogram of fuel and 
1 MWe per kilogram. This would imply 
a capital requirement of between 3 and 
10 tonnes of fuel which should be made 
in reactors of the natural uranium type 
as plutonium from U-238 or U-233 from 
thorium. To produce 5 tonnes of fuel, 
about 1000 MWe of such reactor capa- 
city would need to be installed in Austra- 
lia between 1965 and 1975. There may 
be areas in Australia, remote from the 
comparatively cheap fuel deposits in the 
Eastern States, where such natural urani- 
um reactors could be profitably installed 
before 1975.” 


Implementing the programme 

The Australian Atomic Energy Com- 
mission’s programme is based upon a 
choice which can be carried through to 
the reactor experiment stage within the 
country’s resources; not duplicating over- 
seas efforts: a collaborative effort where 


the AAEC’s contribution can be ey 
changed for results from overseas. 

While a wide variety of possible powe 
reactors exist, the AAEC has only bee: 
able to examine some of the mor 
promising types. A fairly extensive syster 
of bilateral agreements, including thos 
with the UK, Canada and the US, whic! 
provide for the exchange of informa 
tion and results have already accrued. 

There seem to be advantages in having 
a power programme employing ‘ reactor: 
systems which are adaptable to smalle: 
units, but which can also supply base 
load power in large quanta if necessary 
A reactor, involving beryllium as moder 
ator and cooling with gases or possibly 
a liquid metal such as sodium, does meet 
with these conditions and has been cho 
sen for investigation. The aim is to pro- 
duce a fuel element capable of a rating of 
about | MWe per kilogram of fuel, a 
conversion factor of around 1 and a 
burn-up of approximately 1.’ If the Com- 
mission can meet this objective with a 
high integrity fuel element, the fuel costs 
would be less than O'ld per kW hour 
Good progress has been made in the 
preparation of fuel element samples and 
in about eight months’ time, the first irra- 
diated samples will be removed from 
Hifar. Nevertheless it will be several 
years before the AAEC reach the reactor 
experiment stage and after which some 
time must elapse before it is possible to 
proceed with any power production. 

‘It is not easy to predict where and 
when the benefits of atomic energy will 
come to Australia,” said Watson-Munro 
‘However, I feel sure from our experi- 
ences, so far, that atomic energy could 
make as big an impact on the Australian 
economy as has the discovery of electri- 
city. 


Fusion development 


During the 4th International Conference 
on Ionization Phenomena in Gases at 
Uppsala (Sweden), in August, Dr. Alan 
Kolb of the United States naval research 
laboratory in Washington, announced 
that he had produced neutrons derived 
from the fusion of deuterium atoms. Dr. 
Kolb said, however, that it has not yet 
been possible to prove that thermal near- 
equilibrium necessary for fusion had been 
achieved. 

The equipment employed is essentially 
a tube, 12 in. long and 172 in. in dia- 
meter, containing deuterium gas under 
pressure, fitted with magnetic coils to 
impose limited stability on the gas dis- 
charges and supplied with a 30 million 
watt ‘fast’ electrical pulse. While being 
cautious about the temperatures achieved, 
Dr. Kolb stated that ‘ probably 10°°C had 
been attained in the apparatus.’ The 
most interesting feature of this work is 
that at least a certain degree c< stabiliza- 
tion has been achieved. 
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TEDDINGTON BELLOWS 


and Nuclear Power 
HARWELL PAYS A TRIBUTE 


Harwell top research scientists have freely acknowledged * that recent improvements in the 
operational efficiency of Zeta owe much to the introduction of a corrugated stainless steel 
liner inside the aluminium ‘torus’. Having decided to use such a liner, they turned to 
Teddington engineers who, out of their experience in adapting their bellows expansion joints 
to various demands in a wide field of industry, produced exactly what was required for 
satisfactory running over long periods. 


* Ina paper read before the 1.E.E. on 29/30 April 1959 by Mr. J. T. D. Mitchell of the U.K.A.E.A., Harwell 


In Zeta, experiments towards controlling fusion 
have resulted in gas temperatures of several 
million degrees centigrade being achieved for 
millisecond periods. View showing the torus. 



















This stainless steel liner has improved opera- 
tional characteristics and requires less main- 
tainance than the original aluminium liner 
system. Here is part of the twelve welded 
sections of Teddington stainless steel bellows i 
tube of wall thickness 0-017”; it has 24 con- 
volutions per inch of a depth of 0-75”. The 
bellows is 38 inch bore and the whole toroidal 
bellows assembly has an axial length of 37 
feet and an electrical resistance of 0-02 ohms. 








SEND FOR HANDBOOK 
R. 83 


Illustrated descriptions are 
given of the many and 
varied problems that 
Teddington Bellows Expan- 
sion Joints can overcome. 
If you did not secure you 
copy at the Engineering 
Exhibition, please write 
for one. 





Teddington Bellows are produced in technical collaboration with the Solar Aircraft Co., U.S.A. 


TEDDINGTON 


STAINLESS STEEL BELLOWS 


TEDDINGTON AIRCRAFT CONTROLS LTD. (/ndustrial Bellows division) 


Ammanford, Carms. Tel.: Ammanford 2255 
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NAMES 


IN THE 


NEWS 


A new top job in the nuclear field has 
gone to Dr. C. P. Haigh, who at the age 
of 39 has been appointed director of the 
Central Electricity Generating Board's 
Berkeley laboratories. Dr. Haigh, who 
was awarded his PhD for research in 


Dr. C. P. HAIGH 
to head Berkeley 
research 





nuclear physics has worked for Ferranti’s, 
Thorium Ltd. (later to become the 
Radiochemical Centre) and as principal 
physicist at Barrow Hospital, Bristol. 
Since 1956 he has been head of the 
physics section of the CEGB’s nuclear 
development branch. 

Mr. J. B. Adams, 39, has been chosen by 
the Atomic Energy Authority to be 
director of their new establishment for 
controlled thermonuclear research (site 
at present undecided). During the war 


Mr. Adams worked on the development 
of centimetric radar, and from 1946 to 
1953 he worked at Harwell on the 110 in. 
dia. cyclotron. At present he is in 
Geneva where he is director of the pro- 
ton-synchrotron group of CERN. It is 
not expected that Mr. Adams will take 
up his new post until towards the end of 
1960. 

Formerly manager of English Electric's 
overseas atomic projects, Mr. J. F. 
Herbert has now been made general 
manager export sales. He continues his 
interest in atomic exports, especially 
now in view of the recent tie-up with 
Atomics International to market OMRs. 
Changes in the Atomic Energy Authority 
board have resulted in the appointment 
of Air Chief Marshal Sir Claude Pelly, 
GBE, KCB, MC, to be member (desig- 
nate) for weapons. He succeeds Sir 
William Penney who remains member 


Sir CLAUDE PELLY 
takes over weapons 





for scientific research. Sir Claude, who 1s 
retiring from the RAF, has been Con- 
troller of Aircraft at the Ministry of 
Supply since 1956. 





'. CATALOGUES - 
! a 
BULLETINS ~~ 


4 
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Fuel elements. Bulletin NCB-1 from 
American Babcock & Wilcox summarizes 
and illustrates the manufacture of fuel 
elements for nuclear reactors. There is 
also a new bulletin on Babcock & Wilcox 
swimming pool reactors for research and 
training. 

Tick No 248 on reply card 

Lead. The Lead Development Associa- 
tion have reprinted their popular infor- 
mation sheet ‘Simple notes on lead and 
its uses’ which has also been largely re- 
written and brought up to date. 


Tick No 249 on reply card 
Crucibles. Information on the care and 


use of crucibles is the subject of leaflet 
from Morgan Crucible Co. Ltd., who 
have also issued a data sheet on carbon 
vanes. 


Tick No 250 on reply card 
Zirconium. Leaflet from ICI lists the 


range of wrought products and standard 
sizes of rod, bar and billet available in 
zirconium or zirconium alloy 

Tick No 251 on reply card 
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Isotopes. Leaflets from The Radiochemi- 
cal Centre on clinical radiation sources, 
labelled compounds and radioisotopes in 
medicine have text in three languages. 
Tick No 252 on reply card 

Inspection equipment, Booklet from P. W. 
Allen & Co. illustrates and describes a 
number of items including periscopes 
for remote viewing. 

Tick No 253 on reply card 
Semiconductors, Johnson, Matthey have 
brought out a concise and informative 
booklet on semiconductors including a 
section on Johnson, Matthey materials 
for semiconductor devices. 

Tick No 254 on reply card 

Nuclear graphite. Union Carbide have 
issued interesting booklet which includes 
tables showing properties of two grades 
of reactor graphite and one mould and 
crucible graphite also properties of 
materials for moderators and reflectors. 
Tick No 255 on reply card 

Organic moderators. Limited copies are 
available of a literature survey on organic 
coolants and moderators for nuclear reac- 
tors. This excellent publication from 
Monsanto Chemicals can be supplied to 
bonafide nuclear engineers. 

Tick No 256 on reply card 


APPOINTMENTS IN BRIEF 
Mr. George E. Roth, a New Zealander 
has been made director of the Inter 
national Atomic Energy Agency’s isotop: 
division. He succeeds Professor Yoshic 
Fujioka of Japan. 
Mr. C. R. King becomes chairman of the 
Electricity Council in succession to Si 
Henry Self who has retired. Mr. King 
has been deputy chairman of the Gener 
ating Board since its formation two years 
ago. 
Mr. H. L. Russo has been appointed 
manager of the Italian SELNI project at 
the atomic power department of Westing- 
house Electric Corporation. 
Mr. E. Seymour-Semper, managing direc- 
tor of Hancock & Co. (Engineers) Ltd., 
has been elected president of the Insti- 
tute of Welding of which he is a founder 
member. 
Mr. R. H. Burdett, nuclear systems en- 
gineer of the CEGB’s nuclear power 
branch, has been made deputy director 
(mechanical) in the applications branch, 
research development department of the 
Board. 
Mr. R. C. Waugh has joined M. & C. 
Nuclear Inc. as project engineer for in- 
dustrial fuels. Mr. Waugh was previously 
with the metallurgy division at Oak 
Ridge National Laboratory where he 
worked on fuel element design and 
manufacture. 
Mr. G. C. Dale is leaving the health 
physics division of Aldermaston to be 
physicist deputy in the nuclear health 
and safety department of the CEGB. 








Steel machining. Attractively produced 
book from F. H. Lloyd gives a pictorial 
survey of lathes and other equipment in 
course of manufacture. 

Tick No 257 on reply card 

Measuring instruments. Booklet from 
Hilger & Watts describes, with illustra- 
tions, their range of autocollimators. 
Leaflet also available deals with a new 
neon-type optical digitizer. 

Tick No 258 on reply card 

Chemical resistant thermoplastics. Infor- 
mation sheets on items ranging from 
polythene valves and taps to rigid p.v.c. 
tubing are available from I.M.P.A. Ltd. 
Tick No 259 on reply card 

Uranium foil. Recently published data 
sheet, NU-7 describes uranium and 
thorium foil made by M. & C. Nuclear 
Inc. Foil can be supplied in various 
thicknesses and in plastic coated or 
packaged form. 

Tick No 260 on reply card 

Finned tube heaters. Illustrated brochure 
from Hunt & Moscrop describes their 
range of finned tube heating and cooling 
batteries. Data on various kinds of 
finned tube and a steam table are in- 
cluded. 

Tick No 261 on reply card 
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Manipulators 


The manipulators used at atomic establish- 

ments have to operate under exacting condi- 

ions. They are constructed of stainless steel 

and Kanigen plated aluminium and the plate 

serves two functions. It resists corrosion and, 

because of the smoothness of the finish, it also 

assists in decontamination of the component 

parts from radio-active material; and the com- 

n of stainless steel and Kanigen plated 

educes the electro potential differ- 

ween the component parts. These 

rs, manufactured by Savage & 

Ltd., are supplied to users all over 

i. Kanigen is used on the aluminium 

he Tong End assembly and the Ma ‘er 
embly. 
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KANIGEN is a nickel-phosphorus plate deposited 
by chemical reduction: thickness can be con- 
trolled to fine limits and is of complete and 
uniform coverage. 


PROPERTIES : 
Composition 92% Nickel 
8% Phosphorus 
Melting point 890°C. 
Electrical 60 microohm cm. 
resistivity 
Hardness 500—1,000 V.P.N. 
according to heat 
treatment 
Coverage Extremely uniform 


Kanigen can be applied to all ferrous metals, 
aluminium, copper and brass. The plating plant 
at Oldbury has now been extended, two extra 
plating tanks are in operation and enquiries for 
jobbing plating are welcomed. Full information 
is available on request. 


Albright & Wilson 


(MFG) LTD 


Kanigen Department 
I KNIGHTSBRIDGE GREEN * LONDON SWI 


Kanigen is aregd. trademarkofAlbright &WilsonLtd 


vaw/621 \ KANIGEN 
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BOOK 
SERVICE 


All the books reviewed in Nuclear 


* 


Power, and all other scientific 
and technical books and period- 
icals from all over the world may 


be obtained from :— 


BLACKWELL’S 


BROAD STREET 
OXFORD 


Get all the 
latest information 
from our catalogues of new 
books on 
Science 
and 
Technology 


free on request 
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NUCLEAR POWER 
BOOK INQUIRY 
SERVICE 


If you would like to have de- 
tails of a particular book or to 
know whether one is published 
on a specific subject, fill in this 
coupon and send it to us. We 
will then forward it to the ap- 
propriate publisher or book- 
seller who will answer your 
query. 


Details please of books on the follow- 
ing subjects: 


send to NUCLEAR POWER, 3 PERCY 
STREET, LONDON, WI, ENGLAND 











Book Reviews © 





Report on carbon 


Proceedings of the Third Conference on 
Carbon London 1959: Pergamon Press 
718 pp Price £7 


Due mainly to atomic energy, carbon 
and graphite have recently emerged from 
the world of ‘ black art’ and become the 
focus of intense scientific study. The 
international meeting-place for research 
workers is provided by the biennial Con- 
ferences on Carbon held at the Univer- 
sity of Buffalo. These originated in 1953 
largely due to the efforts of Professor 
Mrozowski, Their interest and scope has 
broadened with each conference. Thus 
from a mere 45 pages of print for the 
first conference, the third conference pro- 
ceedings have expanded to over 700 
pages, It would appear that a more con- 
cise style of presentation is required for 
future conferences if the present pattern 
of expansion is not to continue. 

This book contains almost all the 
papers presented at the Third Carbon 
Conference in June 1957, As is now cus- 
tomary, no discussions are reported and 
this does seem a great loss in such a 
rapidly developing subject. 

Of particular interest to readers of 
NUCLEAR POWER are several papers on 
the effects of neutron irradiation on 
graphite, though it is unlucky that a 
fire delayed publication until after the 
report of the 1957 UK/US Graphite Con- 
ference.* However, there are many other 
papers of interest. Indeed they range 
from the structure and properties of 
polycrystalline aggregates to studies of 
single graphite crystals and further still 
to the properties of large aromatic sys- 
tems. Carbons and graphites are fascinat- 
ing because of their diversity and com- 
plexity. Here is a book of truly inter- 
national flavour which gives an authorit- 
ative account of recent research on car- 
bon. 


M.S. T. Price 
* US Atomic Energy Commission Report TID 7565 
(Pt. 1) 


...on accelerators 


Proceedings of the 1958 Accelerator Con- 
ference Cambridge, Mass., October 14-16, 
1958 

Sponsored by the High Voltage Engi- 
neering Corporation, who specialize in 
the manufacture of Van de Graaff elec- 
trostatic generators, the Conference was 
concerned largely with applications of 
this type of machine. The papers pre- 
sented covered a very wide range, from 


the measurement of the reactivity of 
sub-critical assemblies to activation ana. y- 
sis, and from dosimetry to nuclear spec- 
troscopy. 

The only paper concerned with new 
developments in accelerators was one by 
Dr. Van de Graaff on the tandem elec- 
trostatic accelerator, in which he ex- 
plained the basic principles and suggested 
that future machines might have three 
or four stages to obtain particles with an 
energy of 20 MeV and over, Two papers 
were concerned with applications of the 
electron linear accelerator: Dr. Van 
Winkle gave an amusing description of 
the tribulations experienced in setting 
up the first large-scale commercial irra- 
diation plant for the sterilization of 
surgical and Dr. Sargent de- 
scribed a time of flight spectrometer using 
the MIT linear accelerator. 


sutures, 


The technical standard of the papers 
is rather varied; many are excellent, 
although some authors assume that the 
reader is conversant with their specialized 
technical jargon, while others do not 
seem to be aware of the fundamentals 
such as the difference between the 
energy and intensity of a beam of elec- 
trons. It is even stated that ‘ we learned 
that 2 MeV were required for steriliza- 
tion’ in a paper describing the determina- 
tion of the thickness of polythene that 
could be sterilized, there being no refer 
ence to the dose given or even apparent 
awareness that it mattered. 

This publication should be of interest 
to anyone with a spare Van de Graaff, 
the ability to sift the wheat from the 
chaff, and a magnifying glass to read 
some of the illustrations. 

M. C. Crowley-Milling 


... from Geneva 


Proceedings of the Second United Nations 
International Conference on the Peaceful 
Uses of Atomic Energy. Her Majesty's 
Stationery Office, 1958 

Vol. 5 Properties of reactor materials 
627 pp £5 

Vol. 10 Research reactors 548 pp £6 |2s 
Divided in two parts, volume 5 covers, 
first, the mechanical properties and cor- 
rosion resistance of materials transparent 
to neutrons at high temperatures in 
the coolant environment, and secondly 
the effect of radiation on both structural 
and fuel materials. 

Nine new high flux research and en- 
gineering test reactors, already in opera- 
tion, are described in volume 10 and 
progress reports on others are given. 
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Problems of reactor fuel 
replenishment. and indeed the safe 
control of fluids generally, should be 
referred to the Company best 


equipped to supply a practical solution. 


One of our products, for example, is a 
Self-locking Seal Plug 

for stack pipes, designed to 

allow the clear bore coupling 

to be changed for servicing while 


the reactor is under load. 


Your enquiries for equipment of 


a similar nature are invited. 


Flight Refuelling Ltd 


BOURNEMOUTH HANTS - Telephone: Blandford 50! Telegrams: Refuelling, Blandford 


19359 
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NEUTRON SHIELDING 


HYDROBORD provides insulation 
against Fast and Thermal Neutrons 


———" ~~" or combinations of both. 


Ban 











William Mallinsom 
and Sons I.td. 


130 HACKNEY ROAD - LONDON -: €E.2 


Telephone: Shoreditch 7654 Telegrams: ‘Almoner’, London 



























i” about tanks 


When industry enquires about the supply of road 
; 1 PI 








tanks, transportable tanks and storage tanks, more 
often than not they enquire of Darham. 

Technical Advisory Service 

Darham are known for the dependability in 
constructing tanks for the transporting or storage of 
liquids and powders. Much of the suecess of a Darham 
tank can be attributed to the Technical Advisory 
Service of Designers and Engineers, who study every 
individual requirement. 

Solving the Problems 

They apply their knowledge and skill to the problems 

of achieving the maximum payload possible, 

capacity, weight distribution, types of lining, insulation, 
loading and discharging techniques. The result? 

The finest tank that man can conceive. 


DARHAM build fine tanks in Mild Steel 
(suitably lined if necessary), 
Stainless Steel and Aluminium. 


“LEvEANDT 


| te DARHAM INDUSTRIES 


2 17 Surrey St., The Strand, London, W.C.1 
COVent Garden 0556 


WORKS: BASILDON, ESSEX AND DURHAM CITY 


aE. 
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NATURAL DRAUGHT COOLING TOWER 





NATURAL DRAUGHT HEAT EXCHANGER 
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MECHANICAL DRAUGHT HEAT EXCHANGER 











MECHANICAL DRAUGHT COOLING TOWER 


] SS 


A COMPLETE COOLING SERVICE 
based on four cooling systems 


These four systems form the basis of modern industrial cooling, and in ‘“Counterflo” Cooling 
Towers and “Fin-Fan’’Air Cooled Heat Exchangers Head Wrightson has unsurpassed experience. 









y s = Head Wrightson are the 
In many cases no one type of cooling TITHRTIT ETT 
system is automatically the most TULL 
suitable, As we have experience of 
the four basic methods, fet us examine 
your problem and benefit from an 
unbiased report based on the most 
economical application to your needs. 
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TAYLOR 


stainless stee/ | 


/\\ 





bar sawing 


makes ~ 
life easier! « 


— 
~ 





yi 


Immediate capacity. 

Latest and finest sawing machinery. 
Accurate, true cutting. 

Any size up to 14” diameter or square. 
Swift service, reliable delivery. 

Large stocks of bars always available at 
MILL prices. 

Your own bar can be cut. 

Regular Mill Prices—special prices for 
large quantities. 


TAYLOR STAINLESS METALS LTD. 


Buckingham Avenue « Slough: Bucks: Tel: Slough 23951 midiand sales office: 63 T 
BRITAIN’S PRINCIPAL STAINLESS STE 





Write, call or phone. 
Our Area Manager will 
be pleased to call and 
discuss your needs 






TAYLORS ALSO 
PROVIDE SERVICE IN 


Plate profile cutting any 
shape, size or thickness 
Bar grinding from 4” to 
2” diameter 

Sheet polishing 10—24 
swg. up to 10’ x 4’ 

Tube polishing from 4” to 
24” diameter 


Ask for your copy of the 
TAYLOR STAINLESS STEEL 
priced stock list— 

new every 60 days 


A.1.D./A.R.B. 
approved 





emple Row, Birmingham 2. Tel: Midland 1430/4610 
EL STOCKHOLDERS 


cwePs” 22) 











AIFIAC with Duratrak * 


VARIAC is the original continuously- as single units or ganged assemblies of 


adjustable auto-transformer, providing two or more units, for manual operation 


a smoothly variable output voltage from or motor-driven. The range includes 


zero to 17°, above line. Ultra-low-loss portable models, metalclad models, 


‘rolled’ core and DURATRAK (patent) track 
all 
settings. A very wide range of models is 


dual-output models, high-frequency 


surface give very high efficiency at types, and many ‘specials’. 


*DURATRAK is a rhodium-covered, silver- 


available, from small units (e.g. type V-5, _ plated track surface, which inhibits oxida- 


illustrated on right) for laboratory and _ tionof the brush track and greatly reduces 


instrument use to large ganged assemblies contact resistance, giving longer life, 


for three-phase power. increased overload and surge capacity 


VARIACS can be supplied open orcovered, and maximum economy in maintenance. 





VARIAC and DURATRAK 
are registered trademarks 
DURATRAK is protected by 
U.K. patent No. 693406 


Claude Lyons Ltd. 











76 OLD HALL ST LIVERPOOL 3 - Tel: CENTRAL 4641-2 


132 Tick No 91 on reply card for further details 





Type V-SHMTF. 


a small vaRIac for 
laboratory use. Output 0-270 V. continu- 
ously adjustable. from 230 V 50 c/s mains. 
Rated current 2 A. Provided with terminals, 
switch, fuse and 3-core lead. 


For complete information on the 
entire VARIAC range, request 
Catalogue 424-UK 


Only VARIAC 
has 
DURATRAK 


VALLEY WORKS - HODDESDON - HERTS « Tel: HODDESDON 4541/4 


CL/46/E2A 
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Sailors gaped in awe and amazement 
at the glittering statue of their sun-god 
Helios as it straddled the mouth of 
Rhodes Harbour twenty-three centuries 
ago. Standing a hundred feet high, 
the object of their worship represented 
absolute power—power both physical 
and supernatural. 


In modern times electric power lights 
and warms cities, drives machines and 
keeps transportation moving. Whether 
it comes from hydro-electric schemes 











or atomic plants, Henley Cables can be 
found helping in its distribution all over 
the globe. 


The Colossus of Rhodes — one of the Seven Wonders of the World 
— by Chores of Lindus. 











33 kV 3-CORE (SCREENED) SOLID TYPE CABLE 





a 


OF eprovereret te 
mt cea) re mee 
tceerne Cone 


W. T. HENLEY'S TELEGRAPH WORKS CO LTD - 51/53 HATTON GARDEN - LONDON - E.C.! - Tel: CHAncery 6822 -““"™"""'"" 
(An A.E.I. Company) 
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The Hartebeest is described as the sentinel 
of the veldt the most alert of all antelopes 
In industry it is P. & G. electric contact 
gauges that give warning of action required 
and they may also be arranged to provide 
automatic control. 

Several types are available with single or 
double contacts to operate on rising ot 
falling pressures 

Electric contact gauges can safeguard vital 
equipment, prevent breakdowns and save 
money. Send us details of your problems and 


we shall be pleased to offer our advice. 


TUDOR WORKS - WINDMILL LANE 
SMETHWICK . BIRMINGHAM 





ROLLED 
STEEL 
RINGS 


IN CARBON AND 
ALLOY STEELS 


Leaflet giving full details of 
manufacturing capacity 


available on request 


C000 


JOHN BAKER & BESSEMER LIMITED 


Kilnhurst Steel Works G.P.O. Box No. 3 
Rotherham Yorkshire Phone: Mexboro’ 
2154.7 & 3793 Telegrams: Tyres Mexboro’ 


London Office 
Locomotive House, Buckingham Gate, 
London S.W.1|. Telephone: Victoria 5278/9 
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Lead shielding of a complicated nature is being 
successfully produced to Harwell design by 
R. E. Roberts & Son Limited, Bolton, 
for the U.K.A.E.A., Risley, and for private companies engaged 


in the development of nuclear power. 


ad 


WT pe ‘ as 
ee AS 


' as 
if Z r \ US 
R. E ROBERTS & SON LTD., WINDLEY STREET, BOLTON, aie NENBER OF THE FIRTH LEVEL TT 


CRC 7R 





NUCLEAR POWER September 1957 Tick No 95 on reply card for further details 135 








Tick No 96 on reply card for further details 






it’s 
what’s 
inside 


that 
matters 


Aerox Filter Units can look as different as 
chalk and cheese. But the porous 

ceramic core is common to all, and is 

the secret of their established supremacy 
as highly efficient, dependable, 

consistent and trouble-free filters. 


Standard Units are available for working 
pressures up to 7,000 p.s.i., for a 

diversity of applications, including removal 
of solid particles and liquid droplets 

from compressed air or gas service lines, 
and particles from corrosive liquids. 


Aerox Ceramics are also 
manufactured for use 
in these processes 
AERATION 
DIFFUSION 


POWDER 
FLUIDISATION 
ELECTROLYSIS 


Aerox Porous Ceramic 
Elements 





LEADERS IN A SPECIALISED FIELD 
AEROX LIMITED 


Ceramic Works, Hillington, Glasgow, SW2. 
Telephone: Halfway 4615/6 


Engineering Works, Crompton Way, Crawley, 
Sussex. Telephone: Crawley 25077 
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PRESSURE 


INDICATING - RECORDING - CONTROLLING 
FOR... 


Steam and other gases. 
Water, oil and other liquids. 
Pressures down to 5” wg and up to 15000 p.s.i. 


Indicating, recording or controlling or any combination of these 
features. 


Vacuum, absolute and differential pressures as well as the usual 
gauge pressures. 


Transmission over distances of a few feet or hundreds of yards. 


WITH... 
Accuracies as high as 0°5%. 


Immediate response at the receiving instrument to changes in 
pressure at the measuring point. 

Robust but simple wiring between the transmitter and the indicatin 
recording or controlling instrument. 

Intrinsic safety certificate. 

Wide range of indicating meters in many sizes, recorders for wall 
and panel mounting, controllers for electrical and pneumatic 
control etc. 


ts) 


* Write for Remote Pressure brochure NP 
e 


"Phone : Wythenshawe 3251 * ‘Grams: Humidity Manchester 
also AUSTRALIA, ITALY and CANADA. 
Branch Offices: LONDON, WALSALL, STOCKTON-ON-TEES and EDINBURGH 


Recording 


FIELDEN ELECTRONICS LIMITED - WYTHENSHAWE *‘ MANCHESTER Indicating 


Contro 
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PHOTOMULTIPLIER TUBES 





VENETIAN BLIND PHOTOMULTIPLIERS — SERIES VM 

A new type of photomultiplier with outstanding electrical performance is 
now available. This tube type VMP 11/44/A is a 2” diameter photomultiplier 
employing an 11 stage venetian blind multiplier structure of advanced 
design. The tube was developed specifically to provide a photomultiplier 
capable of satisfying the more exacting scintillation counting applications from 
high resolution y-ray spectroscopy to the counting of low energy radiation. 


Three important features of this tube are high cathode sensitivity, high 
collection efficiency and the low inherent tube noise of the multiplier 
structure. The tube is particularly suited for gamma and X-ray spectrometry 
over a wide energy range extending to 3 KeV with a good energy resolution. 
In the counting of Tritium with the VMP 11/44/A employed in a refrigerated 
single channel counting system at -20°C, counting efficiencies of between 
10 and 20% are obtained at a background of 1-2 counts per second. 


In the same series the VMP 11/44/B (CV. 2316) is available for general 
scintillation counting applications. 


For alpha scintillation counting, the VMP 11/44/C is available. 


All of the above tubes are available with windows of quartz for ultra-violet 
spectroscopy and larger diameter photomultipliers employing the same 


Vy Mi Pp 11 [4 4 A venetian blind structure can be supplied. 


The specification below gives details of these. photomultipliers with 
suggested applications. Further details are available on request. 





























NG SPECIFICATION 
| | CHARACTERISTICS (AVERAGE) | 
Type anand Overall : ~ Dark Max. Current) Price Applications 
Type siete nye! Overall Linear 
Sensitivity | Sensitivity Vethiom Current D | 
uA/Lumen | A/Lumen é at S. Boner 
hese VMP 11/44/A SI 55 2000 1400 | 0.084A | 50 £40 | High resolution 
| spectrometry. Low 
isual | activity counting of 
| low energy radiation 
ards. 
VMP 11/44/B SII 50 200 1200 0.03 50 £30 Scintillation counting 
(CV.2316) | | 
| | | | 
‘ VMP 11/44/S s9 30 | 200 | 1200 | 0.003 50 | £30 Low energy counting 
sl 
ating VMP 11/44/C SII 20 | 20 | 1500 0.05 | 50 | £15 Alpha particle 
bi (CV.2317) | | monitors 
| | | 
wall 
natic 
‘) a 
2 2 om fr 
[ e e {| | [| | 4, CENTRONICS WORKS - KING HENRY’S DRIVE 
i] 2 iS 4 
ad 
ce ellie Cy o MICs NEW ADDINGTON + CROYDON ~ SURREY = Lodge Hill 2/2/ 


LIMITED 
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nab Why labour at this? 


7 
/‘ 
’ 






when you can 
use this! 


Joe SONtoxR =r 


The Junior Airhydropump costs approximately the same as a hand 
pump but has very definite advantages for individual hydraulic 
testing stations. 

It automatically gives the exact pressure required and will maintain 
this pressure indefinitely, leaving the operator both hands free. 

Six models are available, giving pressures up to 10,000 p.s.i. working 
from compressed air at 5 to 100 p.s.i., supplied complete with air-control 


valve and bench or wall mounting. 


We manufacture Airhydro- 
For full details send for leaflet Aj3/I1 ee ee 


to 55,000 p.s.i. 


CHARLES S. MADAN & CO. LTD. 


VORTEX WORKS - ALTRINCHAM - CHESHIRE 


Telephone: ALTRINCHAM 2702 Telegrams: VORTEX ALTRINCHAM 


CM 12 





THE 


LARGEST LIGHT ALLOY TANKS 


EVER MADE IN GREAT BRITAIN 













| Vy 









Pw ere ce 
cet ee iM a 













This is one of a pair of tanks designed and fabricated by 
Windshields of Worcester. The tanks are to hold fresh 
drinking water aboard two CALTEX oil tankers being 
built in Belgium. They are fabricated from quarter-inch 
MGS5 aluminium alloy plate and extrusions, and are 
Argonaut welded throughout. This construction obviates 
the traditional troubles of storing drinking water and also 
saves much weight. Each tank weighs about four tons 
and is divided into two separate compartments, each 
compartment holding twenty five tons of drinking water. 


~~ eA SOUGHT FROM SHIP- 
BUILDERS AT HOME AND OVERSEAS 


“Mindshields Worcester 


St. JOHN’S WORKS WORCESTER 


PHONE: WORCESTER 4344.3 LINES. GRAMS:NO.2 WINDSHIELDS, WORC. 


WhiteAd 4147 
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rshed flow or differential pressure 
ransmitter, Type ER.125, designed for 
accurate measurement and to give reliable 
service under the most exacting 

onditions. Suitable for oil, viscous or 
corrosive fluids, water, steam or gases. 


— 


—— 
2) 


Where measurements 


matter most— You will find 





instruments 





Evershed simple analogue computer, 
Type ER. 92. Acomputing device for the instan- 
taneous and continuous solution of equations 
occurring in the day to day operation of process 
control, boiler control or the control of gas 

or fuel flow systems. 


INSTRUM ENTS SDIivistown EVERSHED & VIGNOLES LIMITED 
ACTON LANE WORKS + LONDON W.4 : Telephone: Chiswick 3670 Telegrams & Cables: Megger London Telex 22583 


7/126 
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Ruggedly built, but still 
mobile, the Muller Macrotank H 
is specially developed for 








on-site radiographic examination 
in heavy industry, ship and 
bridge building, nuclear power 
and refinery construction — 
wherever complete and accurate 
weld examination is essential. 
The small focus (2.3 mm.) of 
the Macrotank H gives really 
sharp definition, with a 
penetration of up to 2}” of steel 
with Pb screens in reasonable 
exposure time. It is low in cost, 
reliable in use, and backed by 
full service facilities which may 
be on contract if desired. We 


shall be glad to send you 
oe full details. 
The Macrotank H is a product 


of C. H. F. Muller, Hamburg. 





Sole Distributors in U.K. 


RESEARCH AND CONTROL INSTRUMENTS LIMITED 


Instrument House, 207, King’s Cross Road, London, W.C.1. TERminus 8444 
(RCLO4164) 





‘ Wllay 


| Np / 
™  Youcan rely on fem 
— (THE BEST Woreg maveese In THE wort 


‘ TRACE MARK 


See them at your local tool wholesaler or write to 


GEM POWER BRUSHES LTD., EST. 1874 


GEM WORKS (DEPT. 9), MINERVA ROAD, LONDON, N.W.1I0. Tel.: ELG 1Eh 
ROTARY POLISHING & LATHE BRUSH DIVISION, KINGSWOOD MANUFACTURING =. oe 6 at 
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elping to solve 
(fe ; y 
another UssNG ft eoblem 
5 0 


The “ FIELDING ” 4,500 Tons, upstroking multi-ram plate press on ts j 7 - 
designed for the Whessoe Company Limited, Darlington, is i es te ; | : 

assisting Britain’s race in the field cf nuclear power. Shaping the a Si | pm , f 

heavy steel plates, required for the shell of giant reactor pressure rs i” ; 
vesseis is only one of the applications to which this press can / | - = ‘ | 

be applied. it will accept the largest plates manufactured by the / ; i f _ 

British Stee! Industry today and still has a substantial margin of ae aoa : ‘ 

power to meet future developments. “ 


This press is only one of the large range of special and standard - 
equipment manufactured by Fielding’s; if you have a pressing ' 
problem your solution may lie with us. Ou: Technicai Depart- 

ments are always cvailable to provide information and assistance. 





MEMBER OF THE 


HEENAN 
FIELDING & PLATT LIMITED - ENGINEERS - GLOUCESTER - ENGLAND SL 
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A Special Unit constructed by 
us for the U.K.A.E.A. 


We have had extensive experience in 
the manufacture of many 


engineering products such as 


FLOWMETERS - FUEL PUMPS 
JET CALIBRATING MACHINES 
FUEL FILTERS - FLAP VALVES 








FLAME TRAPS - GAS INJECTORS 
FUEL PRESSURE REGULATORS 


Now added to this List is Equipment for the U.K.A.E.A 


Enquiries to 
Amal Ltd - Witton - Birmingham - Phone Birchfield 4571 (6 lines) 














ae 


CONVECTOR COOLING SUPERHEATERS 


The illustration shows one of a number of superheaters supplied to Cynamid 
Products Ltd. Engineering Division, the business of which is now being carried on 
by Chemical Construction (Great Britain) Limited. 

These superheaters, 7’ 3” effective basis, 8’ 9” overall basis, are fabricated from 
S & L ERW tubing. 

Specialities: Pipework for high or low pressures suitable for steam, water, gas, 
etc., water wall headers, steam and oil receivers, de-superheater bodies. Tubular 
products of all descriptions for power stations and industrial steam raising plants. 





THE UNIT SUPERHEATER AND PIPE CO. LTD - UNIT WORKS 
SWANSEA Telephone: Swansea 54091 (6 lines). Telegrams: ‘Superunits’, Swansea. Telex: 48-208 
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DYNATROWN 


PULSE AMPLIFIER 
typel430A 


This wide band linear amplifier comprises three 
units, designed for use with fast ionisation chambers, proportional 


SPECIFICATION: and scintillation counters. 


Main Amplifier. 

Input : 100 ohms impedance Negative polarity. 

Gain : Maximum 86dB. 

Coarse Control : —0 to 20dB. 

Fine Control : —0 to 20dB in steps of 2dB each. 
Integrating Time Constants : 0.08us to 8us in 7 steps. 
Differentiating Time Constants : 


0.08s to Bus in 7 steps plus 250us step. Write for full details of this and other Dynatron instruments to 
Output : Positive 50V. for 1°, linearity. Saturation 75V. DYNATRON NUCLEONIC AND ELECTRONIC DIVISION 
Upper Frequency Response : { 33045 10 98 mci DYNATRON RADIO LIMITED - MAIDENHEAD - BERKS 


H.F. Head Amplifier. 

Input : 10 megohms. 10pf. 

Output : Designed to feed into 100 ohm matched cable. 
Gain : 31.5dB. 

Filter : E.H.T. Filter suitable for voltages up to 3kV. 
Cathode Follower. 

Input : 10 megohms, 10 pf. 

Output : Designed to feed into 100 ohm matched cable. 
Insertion Loss : 23dB. 


Filter: As in H.F. Head Amplifier. DYNATR ON 


SCALERS » PULSE ANALYSERS - POWER UNITS 
PROBE UNITS - PULSE AMPLIFIERS . INSTRUMENT RACKS 
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ESCOLASTIK 





= 
R 


REGD. 


SILICONE RUBBERS 







Rubber Sheet 


tc. 


> A. Pre:colastik Expanded 
Silicone Rubber 

Uses: Soft Gasketing, Vibra- = 
tion Damping, Seals, Pads and 
Dampers. 


B. Prescolastik Silicone 


Uses: Gaskets, Seals, 
Diaphragms, Washers, 


TAKE ADVANTAGE of the technical re. 
sources and production facilities of the most 
modern silicone rubber plant in the United 


Kingdom. 


dc. Prescolastik Silicone 
Coated Fabrics 

Uses: Diaphragms, Gaskets, 
Seals, Tapes, Ductings and 
Flexible Low Temperature 


Specialists in precision rubber engineering 


PRECISION RUBBERS LIMITED 


BAGWORTH, LEICESTER, ENGLAND 


Telephone: Bagworth 241 


Cellular Rubbers 


The most comprehensive range available 


Prescolastik silicone rubbers offer the widest 
available range of compounds to meet the most 
exacting conditions. 
General Purpose Grades 
Low Temperature Grades 
Low Compression Set 

Fuel and Oil Resistant Grades 
Silicone Coated Fabrics 
High Tensile Grades 
High Temperature Grades 
H.T.P. Resistant Grades 


Designers and Engineers are invited to write to 
Coverings. us for technical data. 










N G 0 O N 


KING DIC 


\ 
v 


HEAVY DUTY 


SPANNERS 


Precision Hand Tools are of paramount import- 
ance to the Engineering Industry. King Dick 
hand tools are precision made under carefully 
controlled conditions, and set a superlative 
standard in quality and design. From the largest 
Constructional Engineering Tools to the small- 
est B.A. Socket Set, King Dick inspection 
routines ensure the correct combination of selec- 
ted steels, perfect balance and precision. 

Send for illustrated catalogue giving complete 
range of King Dick Hand Tools. 











K) 








W 








ABINGDON KING DICK LTD., Abingdon Works, 
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PRECISION HAND TOOLS 





Tyseley, 


AN 


Birmingham 11, England 
R.E. 216 
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Tick N 


a Complete Scintillation Service 


osphors and counters 


PLASTIC & LIQUID PHOSPHORS 


+ } TIC PHOSPHOR NE 102, light output 65°,. anthracene, available in all sizes and 
s s up to one ton, in thin sheet form, in fine tubes for the construction of scintillation 

unters, or as filaments for the construction of scintillation nuclear track chambers 
t tnIt 








* Bi YN POLYESTER PLASTIC PHOSPHOR NE 400 and NE gor (88 B'*) for 
n 1 detection. Standard sizes from 0.§ to §.0 inches diameter (Bulletin 13). 
* | ED LIQUID SCINTILLATORS in bulk or encapsulated, containing Pb for extreme 
x ensitivity, and Gd, B, Cd, and Sm for neutron detection (Bulletins 9 and ga). 
* SS rILLATING GELS for efficient internal counting of suspended materials ‘ Bulletin 9 
*e * SS rILLATION CHEMICALS of highest purity P.B.D., POPOP. T.P.B., p-terphenyl 
PP< ).P.H., alpha-N.P.O., D.M.C., B.B.O., B.P.O., D.P.A., D.P.S., vinyltoluene, styrene, 
i x} toluene, methyl borate, phenylcyclohexane, monoisopropylbiphenyl. 
% LIGHT PIPES of polyvinyltoluene and polystyrene. 
% PLASTIC PHOSPHOR SPIRAL FLOW CELL NE 8or1 for beta and alpha emitters. 





t 
uclear Enterprises .B.) Lt 
1 
les NEW LINE OF PRECISION NUCLEAR INSTRUMENTS \ 
i teeteeeeenigeennteenennie 
% Non-overloading Linear Pulse Amplifier NE % Highly Stabilised EHT Supplies NE 5302 
es $202 of the Fairstein type (Bulletin 14 1.8 kV) and NE 5303 (§ kV) \ 
: © lete embly for C14 and triti - 
% Pre-Amplifier and Cathode Follower NE * —a 7 ee ee See eee 
to §202A % Complete Human Body Counter Installations 4 
> j - , IE NE 8101-3 
* ine © pole Height Selectors NE % Ratemeter NE 5401 with eight ranges and six " 
5 emied time constants 
% Shielded Scintillation Head Units NE 5501-3 % Scanning scintillation spectrometer NE 8601 | 


BANKHEAD MEDWAY, SIGHTHILL, EDINBURGH, II. 
SCOTLAND, TEL: CRA 5262 
Associate Company: Nuclear Enterprises Ltd.. 1750 Pembina Highway, Winnipeg, Canada. yy NS 





OF SPECIAL NOTE 


* SCINTILLATION CRYSTALS by Har- 


shaw. Exclusive concessionaire in Great 
Britain for Nal Tl’. CsIl( Tl, Lil(Eu), and 
LifI(\Eu). NaI. Tl. available in sizes up to 
9” diameter x 9” thick, and down to 0.01§” 
thick with 0.005” Be windows for a | 
counting and spectrometry. Resolution wit 

standard sizes 7-8’, on Cs!’ line. CsI(T) 
dewn to 0.005” thick for alpha and proton 
studies. Li*I(Eu) in special low temperature 
mounts for fast neutron spectrometry. 


%* NEW! Photomultipliee—Nal(T1) combi- 


nations with direct coupling of crystal to 
photomultiplier and giving improved reso- 
lution. 


*% C.D.C. 100-CHANNEL TRANSISTOR- 


ISED KICKSORTER at new /Jow price 
for 1959 and with short delivery. Full range of 
accessories to provide automated assembly. 


* MULTI-CHANNEL SCINTILLATION 


SPECTROMETER NE 8201 for industrial 

tracer investigations (Bulletin 15). 

Write for Bulletins and New Illustrated 
Price List ndh)797 











This engaging new figure in the welding 
world was created by world-famous 





Meet “LITTLE HUGH-TEC”’ 


critical heat range, minimizing the crack- 
ing, distortion and embrittlement associ- 











ij poster artist SAVIGNAC to symbolize ated with high heat methods. 
how industry can REPAIR WELD—SAVE First applied to gas rods, the benefits of 
MORE with “Eutectic Low Temperature “Low Heat Input’’ have been brought to 
Welding Alloys.’’ He will appear on packs a unique range of specially formulated 
and printed matter the world over as a alloys in paste, flux coated rod and elec- 
reminder of Eutectic’s unique ‘‘Low Heat trode form for joining and overlaying 
Input’’ process for joining all metals. applications. 
The whole concept of ‘Low Heat Input’’ Eutectic /Castolin research centres in 
welding, pioneered and developed by the U.S.A. and Switzerland are constantly 
Company over 50 years is based on the improving on this impressive range. 
phenomenon of surface alloying first Plants in New York, Lausanne, London, 
discovered by the Company's founder, Paris, Frankfurt, Brussels, Vienna, Mon- 
J. P. H. Wasserman. Today, through the treal, Sao Paulo and Mexico City. Repair 
use of alloys and techniques exclusive to Weld—Save More Sales and Service in 
Eutectic, you can bond metals below the 67 countries. 
FREE Send now for literature [7 pieasesenD.——Os=~=C“—=~SSCS@YS; 
giving fuller information. ! [ Free literature and data | 
SEE for yourself! Ask for our local | Technical Consultant for demonstra- ! 
Technical Consultant to give you a free 1 [| tion. t 
demonstration and Weld Savings Report. ; NAME 1 
»  §¢ | BUSINESS I 
; 2a j ADDRESS ’ : 
8 urECTIC) EUTECTIC WELDING ALLOYS CO. LTD. | ———————_.. | 
Trade Mark WORTH FELTHAM TRADING ESTATE - FELTHAM - MIDDX - Phone: FELtham 6571 ™ 
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C R Y STA L ie 4 oO Sg Pp +-| Oo R Ss Hilger & Watts crystal phosphors 


are highly efficient in detecting an 
resolving X-rays and gamma-rays 


and so are well suited for use in pulse 


height analysers. We grow them fron 


=) 
= 


very pure melts of thallium- 
activated sodium iodide, and their 


potassium content is negligible. 


We make a standard range of crystals, 
whose sizes range from } in. in 
diameter and } in. thick, to 44 in. 

in diameter and 2 in. thick. The crys- 
tals are mounted in metal containers 


which are lined with magnesium 


to increase their light output. 


HILGER & WATTS LIMITED 98 st PANCRAS WAY LONDON NW1_ Tel: GUlliver 5636 








STAVOXY: ) 7 


CAST IRON PIPE 
and Special Castings 


EPOXY RESIN LINED 


Easily drilled and tapped 
Available in all sizes 
Socket and spigot 
Flexible or Flanged Joints 


CHEMICALLY RESISTANT 


for mains carrying corrosive fluids. 


NON-TOXIC 
Does not impart taste to potable water. 
eats ee ABRASION RESISTANT 
Does not fiake or peel. 


SMOOTH, GLOSSY SURFACE THE STAVELEY IRON & CHEMICAL CO. LTD., 
Gives unrestricted flow and reduced NR. CHESTERFIELD 


coefficient of friction. 
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This illustration shows a 
storage installation for 150 tons 
of Liquid CO: at low pressure. 

Wesupplycomplete instal- 
lations including Vapourisers 
for large scale CO, discharge, 
automatic apparatus and con- 
trol instruments. 

We also supply liquid and 
solid CO. production plants 
from a variety of fuels or from 
by-product gases with capacities 
of }-ton per day upwards with 
guaranteed purity of the CO, 


produced. 





LLOYD & ROSS 





LTD 


58 Victoria Street, S.W.|. 


Telephone: Victoria 4873 
Cables: LOYDROS, LONDON 


Maschinenfabrik ESSLINGEN, Germany. 











industries 


Atomiques 


International review for the peaceful 


application of nuclear energy 


Annual Subscription 





12 numbers per year 
French franes 
Belgian francs 
Swiss francs . 
U.S. dollars . 


Pounds sterling. . . 


NUCLEAR POWER September 
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INDUSTRIES ATOMIQUES 


is the only international technical and indus- 
trial review printed in French, which specialises 
entirely in nuclear and related subjects. 


INDUSTRIES ATOMIQUES is read by industrialists, engineers, technicians and 
chemists, heads of technical firms and by all those engaged in the world of science. In short, 
it is intended expressly for all specialists interested in research and in its practical realisation, 


In view of its international character, INDUSTRIES ATOMIQUES is read and 
appreciated in countries all over the world. 


Up to date, more than 200 authors, all specialists, have honoured this review with their 
collaboration, and have contributed previously unpublished articles of high scientific value, 
abundantly illustrated. 


INDUSTRIES ATOMIQUAES is a source of precise documentation, constantly being 


brought up to date. The international information and the list of suppliers to the atomic 
industries printed in its pages will be found invaluable. 


Industries Atomiques Subscription form 


Subscriptions can be paid in the currency of the country at any European post office. 


We desire  — __annual subscriptions, starting from 
_____, to be sent to (surname, Christian names, or 


firm’s name, and address) _—_ 


Method of payment _ = Date and signature: 


(This form should be returned in a stamped and addressed envelope to 
NUCLEAR POWER, 3 Percy Street, London, W1.) 
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FOR PRECISION MADE JIGS AND 
TOOLS, PRESS TOOLS AND PRESSINGS, METAL 
SPINNINGS, SHEET METAL WORK, PROTOTYPE 





AND EXPERIMENTAL ASSEMBLIES... 








125,000 square feet of precision engineering 
workshops, devoted to the production of reliable 


tools, assemblies and components—and they're 











available to you. We are used to the unusual, 


CORNERCROFT LTD 


to close co-operation with our customers and 









intelligent understanding of their needs. 
We serve many of Britain’s leading 


manufacturers—some of the most exacting— 







and can place valuable skill and experience at 










(The Cornercroft Group of Companies) 
‘a Ace Works, Coventry. Telephone Coventry 40561. 


Subsidiaries :— Cornercroft (Plastics) Ltd., The Metal Spinning 
Co. Ltd., James Beresford & Son Ltd. 


your disposal. 






NC307 
































COBALT 


‘ BLO BR PECIA U AGGREGA 
’ DENSE SPECIALISED AGGREGATES READY MIXED 220-300 per cube foo 
DAOU DENSE CONCRETE MIXTURES READY MIXED ADD WATER ONLY 
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How do you detect critical 
changes in the density of the 
liquids passing through your 
pipelines? How do you mea- 
sure that density accurately, 
continuously, and _ without 
interruption of regular flow? 
The simple answer is—by 
“RM” Liquid Density Meter. 
This gives continuous insta n- 
taneous readings of the liquid 
in the pipeline to an accuracy 
of 1/1000 gramme _ per milli- 
litre. It will handle corrosive 
liquids without complaint and 
takes muds and slurries in its 
stride. It is a perfect team 
member in any automatic 
density control system. 























RS et. mai 


Leaflet NP.2042/17 tells you RA o Ul A m E T E R 


all about it. FLUID MEASUREMENT AND CONTROL 
FLOW-DENSITY- LEVEL 





ROTAMETER MANUFACTURING CO. LIMITED 
330, PURLEY WAY, CROYDON. Telephone: CROydon 3816 
D.17 


A 
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A NEW LIGHT ON INDUSTRY 


Seeing industry through the eye of 
camera and projector, Turners oper- 
ators bring a new light and a fresh 
viewpoint to methods of staff re- 
cruitment, public relations, training, 
publicity and selling. All respond to 
the knowledge and experience that 


highly skilled operators put into... 





FILM PRODUCTIONS 


Profit by Turners experience of 
industrial filming anu photography. 
Write, call, or phone. 


Camera House, Fink Lane, 
Xewcastle upon Tyne, 1. 
Telephone: Newcastle 2-5391. 


149 
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Photographs by 
kind permission of U.K.A.E.A. 


















THULIUM STORAGE MAGAZINI 
constructed at the Graviner works for 
the United Kingdom Atomic Energy 
Authority. Pe 


If you have a Nuclear Development or 


Production problem contact us today. 


GRAVINER 





Contractors to The Atomic Energy Authority 


AM RO 
RT HAN 
AREHA 


4 QT 
~~ > 
© 0 


AREH 
OS PO 
ELEPHON 


cE F M 2 


a 
- 
—_ 


Also specialists in Airborne, Diesel Engine 
and Industrial Fire and Explosion 
Protection, Thermostats and Overheat 
Switches. 





‘MIGRO’ ALIGNMENT TELESCOPE 
3 | This equipment has been successfully used by -.. 


.+.the United Kingdom Atomic 





Engineering Research Establishment in the 
construction of Experimental Nuclear Re- 
= actors and the associated Projects ZETA, 
BEPO, ZEUS, ZEPHYR, DIDO and PLUTO. 
= _ Also used by the leading manufacturing 


groups in the construction of Nuclear Power 





Stations of the Power Supply Plan in Great 


Britain. 


Sets and checks ALIGNMENT 


PARALLELISM -SQUARENESS 
and PLANE SURFACES 


The method of using this equipment for the above applications is 
available upon request, and for expert advice on your particular 


problem, please apply to Optica! Tooling Engineers’ Dept. wa 4 ‘@):: TO) N 


TAYLOR, TAYLOR & HOBSON, LEICESTER, England. AT 2 


ay.V ake); 





150 Tick No 120 on reply card for further details NUCLEAR POWER September 1959 















ck No 121 on reply card for further details 


: caine 
[VACU.BLAST cs the prorequisiia of all 


Vacu-Blast is unequalled for 
weld preparation in the fab- 
rication of pressure vessels. 
Radiographic rejects can be 

reduced considerably by 

the use of Vacu-Blast for 
weld preparation and 
inter-pass deslagging. 


















The critical require- 
ments imposed by 
Class 1 welding 
specifications 
necessitate the 
use of this mobile, 
dust free, grit 
blasting process. 





Demonstrations can 
be arranged at your 
works. 















Vacu-blast is the system to ensure complete recovery of abrasive 


VACU-BLAST LTD., WELLCROFT ROAD, SLOUGH, BUCKS. | stoveH'24507/9 






































©) (@HONGKONG 


6 Electropower <2. 
<> 4 Ce << Gears /td 


La 
“4116 No KINGSBURY WORKS, KINGSBURY ROAD, LONDON, N.W.9 © © Rvs 


Telephone: COLindale 462! (4 lines) Telegrams: LEKTROPOWA, HYDE, LONDON 
Hell, Nr. 
* r. Trondheim, Norway. %& Hammersvest, the most nartherly town in the world. 
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Lightweight High Temperature 
Thermal & Electrical Insulation 


REFRASIL is a unique material — 
a vitreous silica fibre, light in weight, 
of very fine diameter, and 


capable of withstanding continuously ] 
temperatures up to 1,000 C 
and even higher for short periods). iI f | 


REFRASIL has outstanding thermal 
insulating characteristics at high 
temperatures, as well as being an excellent 
high temperature electrical insulator. 

It is available as batt, cloth, tape, 
sleeving, bulk fibre, yarn or metal-covered 
blankets. It is highly-resistant to 

thermal shock and chemical attack from acid. 


For further details about Refrasil please write to— 


THE BRITISH REFRASIL COMPANY LIMITED 


A menber of the Darlington Group of Compames 


STILLINGTON, COUNTY DURHAM .- Tel: STILLINGTON 351 


London Office: 5 Petty France, Westminster, S.W.1_ - Telephone: Whitehall 8841 











All Milne equipment is designed by practical engineers who 
know the exact requirements of the Welding and Allied 
Industries. It includes Brazing, Welding and Cutting Blow- 
pipes, Regulators to suit every purpose, Cutting and Profiling 
Machines, Gas Economisers, Valves for Pipe Lines and 
other necessary welding accessories. 

To provide a comprehensive welding service Milne also offer 
Electric Arc and Resistance Welding Plant and Equipment. 





For full information and details write to:- 


Cc. S. MILNE & CO. LTD. 


Manufacturers of Gas Welding and Cutting Plant and Equipment 
Stockists and Suppliers of Electric Arc Resistance Welding Equipment 


Harley Works, Octavius St., Deptford, London, S.E.8 
Telephone: Tideway 3852 
Also at 172/174 West Regent Street, Glasgow, C.2 
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the embodiment 
of this scientific age 










Forward-looking engineers are embodying Heli-Coil Screw Thread Inserts in their 
designs because competition demands that they use only today’s most advanced 
and successful techniques. 


The Helt-Coil method of screw thread engineering can improve products in 
almost an infinity of ways. It can make dramatic cuts in time and labour costs. 


The Heli-Coil Insert is ideal “or automation. Why not have all the information 
in tront of you—ask for Sales Leaflet APL 48/E 13 
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Your newest 
design... 18 1t 


quite up to date ? 





—S i, *HELI-COIL is a registered trade mark 


Write for more dataon HELI-COIL insertsto ARMSTRONG PATENTS CO. LTD. EASTGATE, BEVERLEY, YORKS. 


Tel: Beverley 82212 (6 lines) 
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be 5 —— + 7. wo THIS AIR FILTER! A finely graded mesh of intermingling 
sy ig e® «,% hair, specially selected to withstand the 
ey) See ® varying humidity and conditions of the 
o . . , : : = 
eee Xe ele Heather Multi-Brush Air Filters can be dust-laden air, is used to trap impurities 
M of} °\X e*| cleaned easily and thoroughly. without and dust particles from «he incoming air 
’ “ eee. special equipment or fluids. and still stream. Periodically, the filter brushes 
a © retain the initial filtering efficiency. In can be cleaned simply by shaking or 
* 7 ; > P 
e © See fact. maximum efficiency and minimum suction cleaning. 
maintenance is the correct way to sum * Write NOW for leaflet H39 which gives 
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up this unique, low-cost filter system. 


full details. 


EPR ELAS POLARS LLL ED 


BAKER STREET 


LONDON 


W.t HUNTER 1801 
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Stockholders 





SHEETS - BARS - TUBES 
STRIPS & BLANKS 


PROFILE CUTTINGS & 
SHEET POLISHINGS 


LIMITED 





SCAPA HOUSE - PARK ROYAL RD. 
LONDON N.W.10 


Tel: Elgar 5811 


(CO XAIDAN KES 








PROFILE CUTTING 
TO ANY SHAPE 





revolving sphere tor remote 
handling of radioactive 


sources 
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Lead screening bricks made 
by Grey & Marten are equipped 


with viewing portholes and a 








Ask Grey & Marten 
about lead shielding 


(Their new subsidiary, James Girdler & Co., 
has all their skill and experience) 


Grey & MARTEN are experts in 
lead. They’ve specialised in 
the manufacture of a// kinds of 
lead castings, fabrications and 
fillings for more than a century. 
Interlocking Lead Bricks (in 
one, two and four-inch thick- 
nesses), Lead Sphere Units (in 
two and four-inch obricks), 
Aperture and Viewing Bricks, 
Lead Pots and Isotope Carriers 
are all produced under the 
Grey & Marten name. Now 
they have handed over this 
activity to their new subsidiary, 
James Girdler & Co. Ltd. 
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Storage pot typical of 
those used in standard 
sates not already fitted with 
lead protection, afford 
economical storage for 


radio-active material. 











GREY & MARTEN LTD 


Established 1833 
CITY LEAD WORKS, SOUTHWARK BRIDGE, S.E.I 
and at Birmingham, Manchester and Ipswich 


JAMES GIRDLER & CO. LTD 


Mansell Works, Mansell Road, London W.3 CHISWICK 5991 
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ION EXCHANGE 


is the most up-to-date 

method of producing pure water 
for all requirements, and it 

does this at a fraction 

of the cost of distillation. 


Literature, describing 

the full range of lon Exchange 
processes and plants, 
available on application. 





\ 


NECKAR WATER SOFTENER CO. LTD. 
Artillery House - Artillery Row - London, S.W.|.. 
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TFAUTALO 


TRIP AMPLIFIERS 


. for monitoring 


TEMPERATURE, STRAIN, 


and any low level d.c. signal. 


Some salient features : 


Transistorised high-speeed chopper 
amplifier. 


Relays and lamps operate at alarm 
and trip levels. 


Trip margin indication with two 


scales at 10:1 sensitivity ratio. 


Lockable pre-set trip level control 
calibrated 0 — 1000. 


Rejects extraneous 50 ¢.p.s pick-up. 


Incorporates all possible fail-safe 
techniques. 


Compact size, 83" x 34" x 13' 
deep allows 5 units per standard 
19” rack, 


For further information please contact: 


MURPHY RADIO LTD (ELECTRONICS DIVISION) 
WELWYN GARDEN CITY, HERTFORDSHIRE. 
TEL. No. WELWYN GARDEN 3434. 


OtAnuadr 
mMAUTALO 
OfrAmuAT 
TFALTALO 
FAUTALO 


mAUTALO 
TAUTALO 
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‘M’ range Gensprings 


up to 80,000 Ibs. 
and 12 travel 
only 2% deviation 


Our new *M’ range of Constant Support Hangers is now 
available for loadings up to 80,000 Ibs. and 12 
travel—down to 2",, deviation. More economical, both 
in application and first cost, and more compact than 
previous types, they provide increased travel with 

less headroom requirement. The “M’ Hangers have been 
developed from the "W" range which have been chosen 
for Britain’s first three commercial nuclear power 


stations. 


At Bradwell, Berkeley, and Hunterston, Gensprings 


will provide safe, secure support of vital piping 


installatiorts. The Constant and Variable 

Gensprings, together with the Sway Brace, provide a 
fully comprehensive range for all pipe support re- 
quirements and are, of course dely used in conven- 
tional power stations, oil refineries, chemical plants, ete. 


If you wou d like to know more about the new ‘M”’ 


range, ple ase send for full details, 


Vokes Genspring 


SUSPENSION SYSTEMS 


VOKES GENSPRING LTD «+ GUILDFORD : Sunnsy 
VG2 





UNION 
CARBIDE 


TRADE MARK 


QHOMOOOOE 
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RARER METALS... 





UNION CARBIDE can now 
supply a number of the rarer 
metals, many of which are 
available in a very high 
purity grade 


.. AND THEIR COMPOUNDS 


Over 70 compounds of the rarer metals 
are available and include oxides, 
nitrides, borides, carbides, chlorides, 
phosphides, sulphides, phosphates, 
selenides, acetylacetonates and 


carbonyls. 
CATALOGUES OF DATA SHEETS 


giving the composition and properties of the 


metals and compounds can be obtained on request. 





UNION CARBIDE LTD. ALLOYS DIVISION 


103 Mount Street,London W.! 


The term ‘Union Carbide’ is a trade mark 
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HOLLAND /SLM 
ROTARY 


COMPRESSORS 
AND 
VACUUM 


PUMPS 





GIVE SERVICE 
FOR TO-DAY 





FOR TO-MORROW 


Part of the English Electric Aircraft Equipment 


Laboratories with three HOLLAND SLM AND 
2-stage rotary vacuum pumps exhausting the 
altitude test chamber. FOR YEARS AHEAD 


The B. A. Holland Engineering Go. Ltd. 


LINDO LODGE, STANLEY AVENUE, CHESHAM, BUCKS. 
Telephone: Chesham 8406/8 Telegrams: Picturable. Chesham Works: SLOUGH, BUCKS 























































































































































































































































































































































































Li A General Purpose 
as % ———_ Reaction Vessel made posscersteed 
ae : seen for Thomas Hedley =e S 
ae a “ & Co. Limited. % 


























Processing Plant [— 


in 

We design and manufacture specialised 

Stainless plantto suit your process conditions— 
storage vessels, conveyor systems, 

reactor and pressure vessels. Our sheet 

Steel metal and plating department is fully 
supported by a competent machine 

shop, toolroom and experienced design 


ther staff. Send us your enquiries. 
( \ wntilt A.I.D. and A.R.B. Approved. 














Dept. L. NECTON STREET, SYSTON, LEICESTER, ENGLAND. Phone: Syston 330! (5 lines) Grams: ‘DYEMAC’ Leicester 
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WATER 


is still in the foreground... 


However revolutionary the methods of 
producing power may become, water is still 
all-important ; and the need to give complete and 
lasting internal protection to water tanks 


in modern plants remains paramount. 


With a reputation consolidated over 30 years 
of successful use 

BITOTES Solution and Enamel 

prevents interior corrosion of all 

steel and concrete water containers and 
conduits. BITOTES cannot crack or peel 

and is tasteless and odourless when dry. 

It is fully approved for Fresh Water, Drinking 


Water, Demineralised Water, etc 


May we send you details 


BITULAC LIMITED 


(PAINTS DIVISION) 


Collingwood Buildings, Newcastle upon Tyne, I. 
London Office: 189 190 Temple Chambers, 


Temple Avenue. London, E.C.4 
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MARSHAL GC. 


PULSE HEIGHT 


ANALYSER 
TYPE H.S.100 


* Torsional delay line 
data storage th 
computer reliab lity 


* Resolution conscant 
or proportiona’ to 
amplitude 





* Background subtrac- 
tion 


* Analysis of pulses of 
either sign from | 
mV to 50 V 


% Binary and decimal 
storage 





i * Both digital and an- 
alogue display 
* Storage capacity 2400 


digits *% Analogue readout and 
* High tabilit d automatic printout 
heey ae” ee using either adding 
machine or electric 


*% Built-in precision test 


typewriter 
pulse generator 7 


* Total count scaler and accurate live time integrator 
both of which are available for use as separate units 


MARSH A LIX. 
TWIN-CHANNEL PULSE 
GENERATOR MODEL T-P-G- 100 


Designed as a universal instrument for the development and general 
testing of electronic eq''ipment. Extreme flexibility in use is achieved 
by virtue of the complete independence of the two channels apart 
from a common repetition frequency. The output pulses are fast- 
rising, of clean waveform, and at low impedance level. 

In addition to the facilities normally offered in a pulse generator, 
precise measurements of the resolution time of coincidence circuits, 
triggering characteristics of discriminators, and the overload per- 
formance of pulse amplifiers are readily made. 

A pre-pulse is provided for the purpose of triggering auxiliary 
apparatus 

The “A” and “B” channel output pulses are independently variable 
in amplitude, duration, risetime. delay relative to the pre-pulse and 
polarity. 

Pulses from the two channels may be additively mixed if desired 
so that they appear at a single terminal. 


FOR COMPLETE DATA WRITE TO: 


MARSHALL OF CAMBRIDGE 
ELECTRONICS LIMITED 


THE AERODROME, CAMBRIDGE, ENGLAND 


NUCL 
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REACTOR INSPECTION 


Pie 








I 
TELEVISION EQUIPMENT 
ne 
th 
ity 
’ REACTOR CAMERA 
to 
ace 
Television is a vital technique in the operation of gas-cooled 
a reactors. The type of camera shown is in regular use at Calder Hall 
| Nuclear Power Station, England; it carries its own lighting, and 
in addition to visual inspection of the reactor interior, permits the 
- removal of objects trom the reactor using the special grab attach- 
- ments. All the camera facilities are controlled remotely. 
The camera functions satisfactorily with radiation dose rates 
an- greater than 10° Rads. per hour; cooling gas, carried to the 
camera by the supporting hose, allows operation with ambient 
and temperature of 150°C. 
rout Direct experience of such conditions over a number of 
ding years has enabled Pye to design cameras that will with- 
Stric 


stand high levels of nuclear radiation, temperature and 
pressure. Models can be supplied for use in water- 


cooled reactors. If you have any specialised 
bg 
YQ 


television requirements, contact Pye Ltd., and 














ator 
inits 4 


avail yourself of their experience. 
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This console gives 
complete remote 


esired control of the 
en camera. It carries 


the picture monitor 




















and the control unit. 











PYE LIMITED . ATOMICS DIVISION . CAMBRIDGE ENGLAND 
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OIL FREE 
COMPRESSORS 


DISPLACEMENT RANGE 1 to 136 c.f.m. 


In the Food Processing, Brewing, Chemical and 
Paper Industries, also for pneumatic instrument 
control, it is essential that the air is free from 
oil in both droplet or vapour form. The @:)) 
compressors use carbon rings and completely dry 
cylinders to achieve this purpose. 


Manufactured now for several years they have 
proved themselves successful in many industries. 


For further details please write requesting 
Leaflet Nos. 4, 20, and 28 








iNluserated is che twin cylinder mode 


having a free air delivery of 50¢.{.m WILLIAMS & JAMES (ENGINEERS) LIMITED 
GLOUCESTER * ENGLAND 


TELEPHONE: GLOUCESTER 24021-2-3 ' TELEGRAMS & CABLES: “COMPRESSOR GLOUCESTER™ 





LASCAR ae Sor See 


The widely varying needs of Industrial Engineering are fully met from the range of 


LASCAR Packings. From water and steam to highly corrosive acids, tough, resilient, 


durable, LASCAR Packings meet all existing requirements and most new ones. 


WHITE BELDAMOK BELDAMOK BEDFORD 
The specially developed graphite-free The high grade asbestos packing Arange of metal foil packings combin- 
packing for superheated steam at lubricated for general high-tempera- ing low friction with good resilience and 
temperatures up to II ; ture service up to 650 F. designed for high speed rotating shafts. 


Telephone or write for your copy of the LASCAR Manual—the best guide to better service in the application of jointings and packings. 


r) LASCAR PRECISION PACKINGS 
BEL DA M BELDAM ASBESTOS COMPANY LIMITED - LASCAR WORKS 
HOUNSLOW - MIDDLESEX 


- Telephone: HOUnslow 7722 (10 lines) 


j | for further d | P 
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SERVICE DE RENSEIGNE- 
MENTS POUR NOS LECTEURS 
Il est souvent difficile au client 
publicitaire d’indiquer dans un 
en e restreint tous les détails 
luits. Dans le cas o% 
riez de plus amples 
ments & ce sujet, veuillez 
vuméro approprié sur 
contre et envoyer cette 

} NUCLEAR POWER. 


AUSKUNFTSDIENST FUR 
LESER 

Ea tat oft schwierig far Inserenten 
alle technischen LEinzelheiten 
aber ihre Produkte in einem 
begrenzten Platz zu bringen. 
Sollien Sie noch weitere Aus- 
kilnfle wilnschen, streichen Sie 
einfach die bestimmten Nummern 
auf der nebenstehenden Karte an, 
und senden Sie sie an NUCLEAR 
POWER. 


SERVIZIO D’INFORMAZIONI 
PER | NOSTRI LETTORI 

E’ ialvolta difficile all’inser- 
zionista di indicare in uno 
spazio ristretto tutti + particolars 
dei suoi prodotti, Qualora de- 
sideraste ricevere pit ampte 
informazioni a questo riguardo, 
favorite segnare il numero 
appropriato sul cartellino qut 
accanto ed inviare quest’ultimo a 
NUCLEAR POWER. 


SERVICIO DE INFORMACION 
PARA EL LECTOR 

Se hace a menudo dificil para 
los anunciantes dar en un 
espacio limitado todos los detalles 
técnicos sobre sus productos. St 
desea ulterior informacién, 
marque los ntimeros apropiados 
en la tarjeta opuesta y mdndela a 
NUCLEAR POWER. 


Hudopmauua ana antateneH 
Yacmo 6vieaem mpydxo pexsa- 
Mupyowum auyam Gasamb ece 
mexnurecnue nodpo6xnocmu céo- 
ea npodyxyuu ée pexnzame. Ecau 
Bam nonado6amca Go6aeounnie 
ceedenua, Mo npocmo ommemome 
coomeemcmeynujue HOMEDG HA Ka- 
mouxe xa n AOWCHOR 
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If you would like further information about any adver 
tisement or editorial item, simply tick the appropriate 
numbers on this card and mail to NUCLEAR POWER. 
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NAME OF BUSINESS 
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POSITION HELD 





NATURE OF BUSINESS 








ees SUBSRCIPTION CARD N° 9369 


| want my own PERSONAL copy ! 


Please send me NUCLEAR POWER for 12 months/until countermanded: 


U.K. £2. 2s. Od. 
U.S.A. and Canada $8.00 + 50c. postage 
Other countries £3. 3s. Od. 


starting with the issue 





NAME 


(CD Subscription enclosed 


CJ Invoice me later 





SEND TO MY HOME/BUSINESS ADDRESS 
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DIESEL-ELECTRIC 


MOBILE 
CRANES 


In addition to the MORRIS Mobile Crane shown in 
the appropriate modernity of Dounreay Nuclear Power 
Station, we illustrate the 6-ton M.120, 3-ton M.60 and 
6-ton M.100 cranes. 

The capacities, types and lengths of jib available, pro- 
vide a comprehensive range of robust, reliable cranes, 
designed to fulfil efficiently most industrial mobile crane 
requirements. 


For detailed particulars write for brochure $46/35. 


HERBERT MORRIS LTD P.O. BOX 7 - LOUGHBOROUGH - ENGLAND 


TELEPHONE: LOUGHBOROUGH 3123 
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Whatever you make 
you need 











and we are here to design it, make it, 
hire it, repair it, yes—and talk about it. 





The more exacting and precise your work, the , 
greater the need for equipment, not only of 
high quality, but expertly designed for its 

particular function. Our service is backed be se grt 

by nearly a century of specialised knowledge » 4601-3 


Wal.MOORE Ltd. Lifting Gear Specialists 


13-31 Poplar High Street - London - E.14 Established 1863 
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LEAD GLASS 


for Protection from Radiation 


a. 
the flow with ) 
6 + 3 

the ‘Telicator’ /_. 
Both low and high pressure systems can 
be fitted with a Telicator Visual Flow 
Indicator, which is a simple instrument 
for indicating the flow, whatever the 
viscosity. The rotors are specially de- 
signed by Dukes and Briggs to give the 
clearest indications over specific ranges 
of flow rate. Water supplies for cooling 


purposes and forced lubrication systems 
are two typical applications. A new 
model is under development for use with opaque fluids, and special 


designs can be made to meet specific requirements. 





. Glass containing lead oxide for radiation shielding is 
available in three densities. These are 3.3; 4.3 and 
Note these featu res 6.1 gm/cc and their nominal lead oxide contents are 


33%; 59% and 80%, respectively, which corresponds 


®@ Simple design ensures complete reliability. to metallic lead percentages of 30.6; 54.7 and 74.2 
@ Extreme sensitivity at all pressures. The lowest density glass is available in areas up 
@ Units readily adaptable to existing installations to 4’ 6” square and 10 thickness. The 4.3 density, 
@ May be mounted in any plane. 4’ 6” square and 8” thickness. In both these cases, 
® Comparative flow gauged by speed of revolving rotor however, there is a maximum weight limitation of 


2,000 Ibs. The high density glass is available in volumes 
of up to 500 cu. ins. 


+ 
J The technical officers of the Association are always 
$ glad to give individual assistance. 
REGD 


' ia LEAD DEVELOPMENT ASSOCIATION, 18 Adam Street, London, W.C.2 
SIR W. H. BAILEY & COMPANY - LIMITED Telephone: WHitehall 4175. Telegrams: Leadevep, Rand, London 


PATRICROFT - MANCHESTER - ENGLAND 
Phone: Eccles 3487-8-9 Grams: Beacon. Telex, Eccles 
LONDON OFFICE SELINAS LANE DAGENHAM TSSEN PIIONE DOMINION 2277 8.9 
TGA TRI 
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STEEL 
CASTINGS 


Turbine Casings, Steam Chests, Valves, 
etc., in carbon and alloy steels up to |5 tons 
weight and to any specification on 
ADMIRALTY, WAR OFFICE, LLOYD’S 
and other LISTS 


& ENGINEERING CO. LTD. 


Atlas Steel Works: Armadale, West Lothian, Scotland 
Telegrams: ‘‘Atlas Armadale, ‘West Lothian’’ 
Telephone : 323 Armadale 
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MAGNOK 
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The recognised authorities on every 
aspect of magnesium technology, 
MEL are constantly evolving new 
alloys and improving existing ones. 

Magnox you know about. MEL are 
approved suppliers of this important 
canning material for the UKAEA. In 
collaboration with UKAEA and the 
industrial consortia they are contri- 
buting their considerable research 
acumen to the furtherdevelopment of 
magnesium alloys, specifically de- 
signed for nuclear work. 

The skill and experience of MEL are 
available to all who wish to exploit 
the special advantages of the latest 
magnesium alloys in nuclear 
engineering projects. 


MAGNESIUM ELEKTRON LTD 


Clifton Junction Manchester 
Swinton 2511 
London Office: 5 Charles II Street St. James’s SW1 
Trafalgar 1646 


Magnesium Elektron, Inc., New York 20, USA 
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Pantak’s new 




















mobile industrial 

X-ray unit 

will penetrate 

5 inches of steel 


To keep pace with the trend of welding 
increasing thicknesses of steel plate, ‘ie 
output of our large X-ray units for weid 
inspection has been increased. 

Write today for full details of the 
unique features incorporated in these 


equipments. 


PANTAK LIMITED 





VALE ROAD, WINDSOR, BERKS. Telephone: WINDSOR 3225-6 





RESISTANCE TO CHEMICAL ATTACK 


answer to design problems 


material 


Sintox—an alumina ceramic—is resistant to 
corrosive atmospheres, solutions and 
conditions. Sintox is unsurpassed as an 
electrical insulator, and its properties 
also include good thermal conductivity 
and mechanical strength. Its charac- 
teristics are such that Sintox can 
be of service in the Electrical, 
Electronics, Mechanical and 
Nuclear Engineering industries. 


Sintox 
Technical 
Advisory 
Service 


This service ts freely 
available without 
obligations to those 
requiring technical 
advice on the 
application of 
Sintox Industrial 
Ceramics. Please 
write for booklet or £ 
anyinformation § 
required enclos- 
ing blue print 
if available. 


Edwards Instruments Ltd. 
selected SINTOX for their 
‘Telegas’ probe assembly for 
aluminium and = aluminium 
alloy melts. Its qualities of thermal shock 
resistance and chemical inactivity are the 
salient features of SINTOX in this application 





S$ ‘ me T 0 > 4 engineering ceramics 


LODGE PLUGS LTD., RUGBY 





SINTOX IS MANUFACTURED 
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Production 
British, 
Service 
international 


West Instruments Ltd. provide a range of tempera- 
ture controllers, produced in Britain for inter- 
national markets in the plastics, metal, nuclear, 
ceramic, chemical and process industries. An 
efficient after-sales service is backed by speedy 
supply of spare parts by West representatives in 
major cities throughout the world. In this way 
West instruments, fitted to exported machinery, 
are assured efficient maintenance. 

West instruments are proving themselves invalu- 
able in countries as far apart as Holland and Hong 
Kong, India and Italy, New Zealand and Norway, 
South Africa and Sweden. Full details of equipment 
and services from: 


pay WEST: / 


52 Regent Street, 
Brighton, Sussex. Telephone: 28106 


Associate of the West Instrument Corporation of Chicago U.S.A. 
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Make Light of Weight 


with 





(6p 


O0.T.’s 


World Patents Pending. 


Omni-track Conveyor Ball Units having dynamic load 
capacities from 50 Ib. to 5 tons each with }” to 2” dia. 
load balls. 








al 








O.T.’s provide instantaneous change of direction 

automatically accommodated at any angle, with effort- 

less ease. On cast iron or hardened steel plate starting 

effort may be as low as 1% of the gross load. Special 

rotary applications as low as 0-25°% per gross load. 
Ask for List No. 275/OT 


CASTORS 


Ask for List No. 275/C 
Over 20,000 types and sizes including wheels from 2” 
to 46” dia. and loads up to 30 tons each. Sprung, 
automatically braked, Ackerman steered, Jacked, 


direction or wheel-locking, etc. 


s 
d. 
1? = 





é 


Twin 46” 6” tubular shank, 
Pneumatics, 6-ton 90-Ib. 





Twin 20” solid 
tyred, 5-ton 


DRAWER SLIDES 





Two-piece Extension Drawer Slides, 10” to 25” lengths 


Also Trolleys, Trucks, Conveyor Rollers, etc., etc. 


AUTOSET (PRODUCTION) LTD. 


73-78 STOUR STREET, BIRMINGHAM 18 
Telephone : EDGBASTON 1143 








165 





Tick No 150 on reply card for further details 





NUCLEONIC INSTRUMENTS 
FRIESEKE AND HOEPFNER 


Continuous Air and Water Monitors also 
The illustration shows a typical installation type Automatic Chromatogram Scanners 
F.H.53 to provide a continuous record of the con- Automatic Sample Changers 


tent of natural (short half-life) and artificial (long aaa and Gamma Counting Tubes 


half-life) radio-active substances in air. Vibrating Reed Electrometers etc. 


For further information on these or other nucleonic instruments, and fully illustrated catalogues 
write to:— 


MILES ELECTRONICS LTD - SHOREHAM AIRPORT - SUSSEX 
SHOREHAM-BY-SEA 2301 
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Estahlished 1884 





Water Cooling 
canbeaproblemn.. | RADIATION 


IT IS A FACT that the great economy 
a 4 achieved by PREMIER by increased B R Oo T c Cc T | Oo N 
\ efficiency, and the saving of water rates 
y and space—virtually pays the initial 
outlay and installation costs. 


Then call in PREMIER for expert advice. PREMIER Cooling Towers and Lead Lined Doors and Frames, 
Mechanical Water Coolers are among _ most as, oo -_ 
economicai in the world and are installed in many of the world’s ‘ 
most important works and power stations. PREMIER design and erect Screens and Panelling @ Leaded 
the plants, guarantee: the performance and give a 100% after sales GI 

service. Because of the scientifically engineered construction, high ass 


Window Units e Baryte 
efficiency and economy of PREMIER Water Coolers they are acclaimed 


by engineers everywhere. Shielding e Complete Protection 
If you have a water cooling problem, write to us — our advice is at 
wear euviee. opiienaiihadd Schemes Undertaken to 


Specification 





COOLING TOWERS BY 
SOOLE & SON LIMITED 
PRE fut i E F Dunstable Road - Richmond ~- Surrey 


The PREMIER COOLER & ENGINEERING CO. LTD. Telephone: Richmond 0038 
Shalford, Nr. Guildford, Surrey. 











| — WHAT ARE YOU LOOKING FOR? 


| CONTROL VALVES! GAS BOXES! HYDRAULIC MECHANISMS! 


A.R.B. 


We cover all fields from small CONTROL Facilities exist for: \deally clean assembly to 
VALVES to COMPLEX FABRICATION for U.K.A.E.A. requirements—deep freeze test- 
HIGH VACUUM WORK to _ intricate ing to —50°C also for design and develop- 
HYDRAULIC MECHANISMS with delicate ment of equipment for your special needs. 


instrument like sub-assemblies. 


SANDALL PRECISION CO. LTD. 
WATLING STREET, BLETCHLEY, BUCKS ~- Tel: 3456-8 PBX - Grams: SANDALL BUCKS 


| 
Geumesnns —_—— - —-— ~ ~- — = - a ee 
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Low Cost 
Expansion 


Office expansion is a continuing 








59 


problem for both small 

and large industrial companies 
especially when capital 

costs and completion dates are 

of first importance. 

The answer is TYPE FOUR 
the new range of low 

cost timber buildings which are 
immediately available 


and capable of fast erection. 


TYPE FOUR can be supplied completely 
transportable with 95°, recoverability. 
Write for Illustrated Brochure, Design 
Sheet and Price List. 


VIC HALLAM LTD 


TIMBER BUILDINGS DIVISION 


LANGLEY MILL NOTTINGHAM 


TELEPHONE: LANGLEY MILL 2301-7 ° 
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PII 





Heat Exchangers at Calder 
Hall Atomic Power Station 


at Calder Hall... 


Vital installations, including sub-station switch rooms, at 
the Atomic Power Station are guarded against fire risk by 
a highly sensitive Kidde Detection system. 

This, together with Kidde CO2 Fire Protection, provides 
both preventive and remedial measures—leaving equip- 
ment wholly unharmed in the process. 


THE WALTER KIDDE COMPANY LIMITED 
KIDDE CO2 FIRE PROTECTION KIDDE OIL MIST DETECTORS 


Northolt, Middlesex Tel: VIKing 6611 
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For levelling 
Mild Steel Plate 


This Bronx 5-Roll Plate Levelling Machine is suitable 
for levelling cold mild steel plate up to a maximum 
of 8ft. in width by 3in. thickness, and is designed for 
a levelling speed of l6ft. per minute. 


The levelling rolls consist of three top and two 
bottom rolls, all of which are I2iin. diameter. The 
roll necks are finished ground, and the bearing 
assembly so arranged as to preclude entry of scale 
and other foreign matter. 

The top rolls are adjustable by hand with large 
handwheels provided, or by a 7} h.p. reversing motor 
running at 950 r.p.m. The machine is designed to 
operate continuously at the maximum specified 
load and output. 


Similar models’?made in all sizes, to specification. © 


There are also Bronx Press 
Brakes, Guillotine Shears, 
Bending Rolls, Section 


Straightening Machines 
etc. Write for Catalogues 



























BRONX ENGINEERING CO. LTD., LYE, WORCESTERSHIRE Tel. LYE 2307 8 
Sie ll 
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ample for bending the thick-walled 
tubes increasingly used today. The 
double-acting hydraulic ram unit 


Jubela 
releases the bent tube from the 


former easily, without using wedges The bending Feqole 


or hammer. 

















Write now for full details of the ee ee 

competitively priced TUBELA North Eastern Office: J 

range of bending machines for | CUSTOMS HOUSE CHAMBERS 

hand, ratchet or hydraulic opera- Core ey jl SCREW MACHINE PRODUCTS LTD. 
: : : ¥ : elephone : < 

So oe Head Office: Wooburn Green, Nr. High Wycombe, Bucks. 
Industrial Machines. One of them FOWLER ROAD, HAINAULT 

is bound to save you money! ! Essex. Tel. Hainault 4426-8 Telephone: Bourne End 1444/8 (5 lines) 
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, ’ EXCLUSIVE AGENTS FOR 
ZIRCONIUM and its ALLOYS CONTINENTAL EUROPE FOR 


LIRCONIUM SPONGE : 


SPONGE — INGOTS — BILLETS 
. SADI, Société Anonyme d'lmportation 
SHEET iss PLATE _ STRIP 44 Avenue de la Gare 
BAR — ROD — WIRE Lausanne 


Switzerland 
TUBING—SEAMLESS AND WELDED 


SUB-AGENTS : 
REACTOR GRADE MILL PRODUCTS wo Comptia Chatinentale 
FURNISHED TO MEET 4 Rue Willy Goergen des Minerais 


Luxembourg 15 Rue Vezelay 


UNITED STATES ATOMIC ENERGY COMMISSION Grand Duchy of Pars Be 
AND OTHER NUCLEAR SPECIFICATIONS Lurembourg France 


Commerciale Mineraria Continentale Erz- 
Continentale Gesellschaft m.b.H. 
Via dei Bardi 49 29 Berliner Allee 


M a LLO RY Ms 5 oe] A R Oo N Florence Duesseldorf 





Italy Germany 
MALLORY-SHARON METALS CORPORATION - NILES OHIO 
U.S.A 
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sn RELAYS 


particle size TO SPECIFICATION 








. 
analysis MatatatetatatetatetetateteterelereTorelelereTelerelerelelerelerelererelerel i 

ae vt 
Simply vibrating or shaking test ee 0% 
sieves by hand is not enough for vee oe 
an accurate sieve analysis of the o%e »,¢ 
particle size range of a material. ose re 

“e 0% 
Vibration alone tends to aggregate “e ate 
rather than segregate particles, and 0° owe 
shaking test sieves by hand is ree oe 
tedious and obviously inefficient ree vet 
The Inclyno Test Sieve Shaker, with ree ee 
a double movement that gyrates o%e ret 
and jolts the test material around ve ‘4 
the entire surface area of the mesh re “se 
of each test sieve, ensures perfect pe ¢ 
segregation of the various particle ee sy 
sizes in the shortest possible time. ae 1c 
The Inclyno Test Sieve Shaker is ee re 
an essential unit for all labora- ° oe 
tories and is standard equipment BS OSI Oa OSORNO CDOS OIRO RRR IC HX 


for sieve analyses in many govern- 

> rectal 3 
comer aad’ wanany a oui POST OFFICE TYPE 
perated by fractiona! h.p. motor and supplied complete with automatic 3,000 and 600 RELAYS 


time switch covering test periods up to 60 minutes. Three models 
available for all sizes of standard test sieves. Specialists in tropical and Services jungle finish. 
Guaranteed to full A.I.D. and I.E.M.E. standards. 
Prompt Deliveries Prototypes within 24 hours. 


4 io < LY iad  e) Post Office approved. All relays guaranteed made in our own works. 


P.T.F.E. insulation now available. 








TEST SIEVE SHAKER 


Manufacturers to H.M. Government D. t ] 
te or telephone THE PASCALL ENGINEERING CO LTD sictepiecsieat " epartments and leading Contractors 
awley 25166 for L. E. SIMMONDS LIMITED, § BYRON ROAD, HARROW, MIDDX. 
st IN 3209 GATWICK ROAD +: CRAWLEY - SUSSEX TELEPHONE: HARROW 7797/9 TELEGRAMS: SIMRELAY HARROW 
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CLASSIFIED ADVERTISEMENTS 


DISPLAY ANNOUNCEMENT RATES :— 


1 insertion 40/- per single col. inch 

6 insertions 38/- per single col. inch 

12 insertions 36/- per single col. inch 

4/- per line. 5%, discount 6 insertions, 10% discount 12 insertions 

1/- extra will be charged 

Advertisments for October issue to be received not later than 14th September 


LINEAGE ANNOUNCEMENT RATES :— 
BOX Nos. :— 
COPY DATE :— 


SITUATIONS VACANT 





HEAD WRIGHTSON & COMPANY LIMITED 
RESEARCH AND DEVELOPMENT 
DEPARTMENT 
require a 
CHIEF METALLURGIST 





Applications are invited from Graduates aged 30 to 35 with research and 
industrial experience. Knowledge of welding is desirable and an ability to 
control staff, and maintain contact with the various works in the organisa- 
tion, is essential. 


There are well-equipped laboratories and a wide range of work is in pro- 
gress from long term investigations on the Company's nuclear power 
commitments, to ad hoc matters arising normally in a heavy engineering 
organisation possessing its own iron and steel foundries and forge. 

This post offers good prospects. Assistance with house purchase. 
Applications giving details of age. qualifications, training, experience and 
salary range should be sent to: 


The Personnel Manager, 
Ref. RD/30, 
Teesdale Iron Works, Thornaby-on-Tees 














HEAD WRIGHTSON & COMPANY LIMITED 
RESEARCH AND DEVELOPMENT 


Require Senior and Junior Graduate 
Chemical and Mechanical Engineers 





Chemical Engineers: The emphasis is on physical rather than chemical 
processes and experience in heat transfer or treatment of solid/liquid mix- 
tures would be useful. 
Mechanical Engineers: To undertake experimental and theoretical, stress 
and vibration analysis, on structures, pressure vessels and heavy machines. 
Experience in photo elasticity or thermal stresses would be useful. j 
The work is mainly concerned with heat transfer and fluid flow and engin- 
eering research, in well-equipped laboratories. 
Applicants should have a good academic background for a wide variety of 
problems of Heat Transfer, Fluid Flow and Engineering Research, arising 
in the fields of Nuclear, Petrochemical, Iron and Steel, and Mineral Engin- 
eering. The prospects are good and assistance is given with house purchase. 
Write giving age, experience, qualifications and salary range to: 


The Personnel Manager, 
Ref. RD/31, 
Teesdale Iron Works, Thornaby-on-Tees 


Ee Ones ee ee ee | 








BRITISH SCIENTIFIC INSTRUMENT 
RESEARCH ASSOCIATION 


PHYSICIST 


with good degree, required for 
interesting work on scintillation 
detecting elements and_ other 
aspects of nucleonic work. Some 
knowledge of electronic  tech- 
niques desirable. Laboratories in 
pleasant rural surroundings within 
easy reach of London. Liberal 
holidays and F.S.S.U. benefits. 
Appointment initially in the 
Scientist grade (£620—£1.035 p.a.) 
with good prospects. 

Applications to the Director. 
z, Thomson, M.A.., D.Sc.. 
B.S.1.R.A., South Hill, Chislehurst. 
Kent, quoting reference TPF. 











ESIGN DRAUGHTSMAN required for inter 
esting work on the design of Nuclear Instr 

mentation and Equipment. Previous design experi 
ence in the nuclear or electronic industry is essentia 

Apply in writing, stating experience, age and 
salary required, to: General Radiological Ltd 
Nuclear Engineering Division, 15-18 Clipstone St 
London, W.1. 





SUPPLIES 





THE RADIATION 
MONITORING SERVICE 


provides a special Film and 
Holder for monitoring person- 
nel working in the 
vicinity of X-rays or En 
radio-active materials: Ve! 


Details from: 


4i LODGE ROAD, 
WEST CROYDON, SURREY 
THO 8206 








ORGANIC AND INORGANIC 
INDUSTRIAL CHEMICALS 


& 
CHEMITRADE LIMITED 


17 Stratton Street, London, W.1 
Telephone: GROsvenor 3422 











MANOMETERS in solid Perspex 
(portable—unspillable—light) 
Also CO-test tubes and Minchin 
Double Aspirator for reliable quick 
estimation of CO traces in air 
COMBUSTION INSTRUMENTS 
61 Belsize Lane, London, N.W.3 
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AT 
when 
you 
YOUR need 
an 
expert 


SERVICE 








GAMMA RADIOGRAPHY OF PIPELINES 
GAMMA AND X-RADIOGRAPHY OF 
TANKS AND PRESSURE VESSELS 
Weld examination to Lloyds, etc. Quick, 
efficient services available for work on 
site now. 

GAMMAX (LONDON) LTD., 

Cecil House, Wharfdale Road, 
London, N.1 
Telephone: TERminus 0677 and 6925 








DESIGN TEAMS 


available for plant and mechanical 
engineering projects in the nuclear 
field. 
NORRIS BROTHERS LTD 
53 Victoria Street, London, SWI 
Telephone : ABBey 6132 








Night Protection Specialists... 
IN FACTORY AND OFFICE BLOCKS 


* 
NIGHT SECURITY LTD., 
54/62 Regent Street, London, W.1 
REGent 2896/9 





MORTON AIR SERVICES LTD. 
Scheduled Air Services—London to 
Rotterdam, Le Touquet, Swansea, 
Milford Haven and Channel Islands. 
Aircraft also available for Air 
Charter and Air Ambulance. 
Telephone: CROydon 7171 
CROYDON AIRPORT, SURREY 











| ALUMINIUM DESIGN 

| and fabrication service available 
| for all types welded and other light 
| alloy structures and components 
ALPHAMIN LTD. 

| + Dunston Street, Kingsland Road, 
London, E.8. Tel.: CLIssold 4161 


Technical Translations 
PERSONAL, PROMPT AND ACCURATE 
ATTENTION TO ALL YOUR 
REQUIREMENTS 
THE WESTMINSTER 
TRANSLATION BUREAU 
M. DANDO, M.A, D. S. TAVENER, F.1.L. 
24 Wardour Street, London, W.1 
Te..: GERrard 4745 


R. & J. PARK LTD 
Dominion Works, Chiswick 
England 





s 

Export packers, shippers and for- 

warding agents. Specialists in | 
packing heavy machinery | 














AIR PHOTOGRAPHY 
Large Scale Plans. Route Profiles. 
Models from aerial photographs 
HUNTING AEROSURVEYS Ltd. 

6 ELSTREE WAY, 
BOREHAM WOOD, HERTS. 


MANCUNA ENGINEERING 
LTD 
DENTON, MANCHESTER 
SPECIALISTS IN GAS CLEANING 
AND DUST TECHNOLOGY 
District Office: 
59 Victoria Road, Surbiton, Surrey 
Tel: ELMbridge 9793 








C. W. GARRETT & SON 


or 
ALL DRAWING OFFICE SERVICES, 
PROCESSES, MATERIALS AND 
EQUIPMENT 


e 
WINDMILL ROAD, BRENTFORD 
MIDDLESEX 
Telephone : I[SLeworth 4433 (4 lines) 

















FILMDEX LTD. 
MICRO-PHOTOGRAPHERS 
Books—Plans—Documents 


17 BOSTON MANOR ROAD, 
BRENTFORD, MIDDLESEX 


Tel. : ISLeworth 7800 


SPECIALIST SUPPLIERS OF 
CUT-AWAY NUCLEAR MODELS 
INCLUDING FUEL ELEMENTS 


o 
MINIATURE ENGINEERING 
(LONDON) LTD. 


Palace Chambers, Bridge St., London, 
S.W.1. TR: Afalgar 5150 





STEEPLEJACKS AND 
LIGHTNING CONDUCTOR 
SPECIALISTS 


« 

RAFFERTY BROS & CO. LTD. 
Piccadilly, Tunstall, Stoke-on-Trent, 
Staffs. 

Tel.: Stoke-on-Trent 84567 (2 lines) 























TRADE & TECHNICAL CLIPPING 
SERVICE 


(Division of Romeike & Curtice Ltd.) 
e 
COMPREHENSIVE PRESS CUTTING 
SERVICE OF TRADE AND 
TECHNICAL JOURNALS 
+ 
447 Green Lanes, Harringay, London, N.4 
a Tet.: FITzroy 1672 





I‘ you have a fire risk or if you are 
doubtful of the efficiency of your appli- 
ances, we should be glad to send a techni- 
cal representative to advise you. Service 
inspections given throughout the British 
Isles—write / ‘phone. 


L. & G. — APPLIANCE CO. 
LTD., 
Caxton Street North, London, E.16 
Tel.: ALBert Dock 3991 (4 lines) 


SHEET METAL WORK 
All Materials « Skilled Work 
MABBOTT & CO. LTD. 
EST. 1901 
SHEET METAL DIVISION 


Phoenix Works, Poland Street, 
Manchester, 4. | Collyhurst 1773 














CAPACITY AVAILABLE on Centre Lathes, 
Capstan Lathes, Shaping, Drilling, Milling, 
Cutter Grinding. Cylindrical Grinding. Internal 
Grinding, Boring, Profile Cutting, Welding and 
Fabricating 
Complete Units and Assembly Undertaken 
All enquiries welcomed. 
A.E.W. ENGINEERING CO., 
399 Dereham Road, Costessey, Norwich 











PRESS TOOL DIE CASTING 
AND MOULD DESIGN 


* 
CAPACITY AVAILABLE 


e. 
H. C. SMITH (DESIGNS) 
42a Market Street, Watford, Herts. 





SAVE TIME AND TROUBLE! 
Hotel Rooms Reserved— 
Home and Abroad 
Ring GERrard 5052 
HOTEL BOOKING SERVICE LTD.., 
5 Coventry Street, London, W.1 
Cables: “ Reservotel, London.” 














wash and airbrush, or photographically for 
handbooks, parts lists and catalogues. The 
highest quality artwork at reasonable cost 
Church Street, Colchester. Telephone Col- 
hester 77211 for immediate attention. 








Sit: Comeiens S008 Telephone : Watford 4877 
TECHNICAL FILMS FOR INDUSTRY 
ILLUSTRATIONS Home or Overseas 
| Fully-experienced Artists of A. N. WRIGHT e 
& CO, LTD. illustrate in black-and-white 


Whatever your requirements, consult 
M.E.F. FILM PRODUCTIONS 
110A SOUTHAMPTON ROW, 

LONDON, W.C.1 
Tel.: HOLborn 2314 or HAMpstead 4860 








ANALYTICAL AND MECHANICAL 
TESTING OF ALL METALLIC 
MATERIALS 


* 
Acloque (Metallurgists) Ltd. 


28 Victoria Street, London, S.W.1 
ABBey 1481 
lest House, Garth Road, Lower Morden, 
Surrey DERwent 6252 


SHOT BLASTING SERVICE 


London Built 
Centrifugal Shotting Machines, 
Sand and Shotblast Plants. 
Liquid Blaster and Honer. 
H. G. SOMMERFIELD LTD., 
8 Camden Road, London, N.W.1 
Tel.: GULliver 3443 














Industrial Exhibitions Ltd. 


Work for the Nuclear Industry at Home 

and Abroad. Organisers of the International 

Instruments, Electronics, and Automation 

Exhibition, Olympia, London, 23rd-28th 
May, 1960. 


e 
9 Argyll Street, London, W.1 
Tel.: GERrard 1622 











EXPERIMENTAL ENGINEERS 


rO THE NUCLEAR INDUSTRY 
PROTOTYPE DEVELOPMENT WORK 
SPECIAL COMPONENTS 


2 
PROTOTYPES (Croydon) LTD. 
Vulcan Way, New Addington, Surrey 
Telephone: Lodge Hill 2022 
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We offer in approved grades of Stainless Steel 


FLANGES MACHINED TO B.S. TABLES OR TO SPECIAL SIZES 
SOLID DRAWN TUBES—FABRICATED PIPES 

ROUND and HEXAGON BAR 

PROFILES CUT TO ANY THICKNESS OR SIZE 

CASTINGS TO CUSTOMERS SPECIFICATION 


2 >t Ot OF 


Keen Prices — Prompt Delivery 
Send enquiries to Dept. N.P. 


STAINLESS STEEL PROFILE CUTTERS LTD. 
Farfac Works, Kings Grove, MAIDENHEAD. ’phone 1522/23. 
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Eight specialist companies make up the nuclear octave. 
Each sounds exactly the right note in terms of its own 
particular skills and experience. In combination they form 
N.P.P.C. which thus has all the resources necessary for 
the construction of complete nuclear power stations 
throughout the world. 

At Bradwell, Essex, N.P.P.C. are building a new nuclear 
power station for the Central Electricity Generating Board, 
with a guaranteed output of 300 megawatts. This great 
enterprise is a commercial venture aiding Britain's 
economy and emphasising her world lead in the practical 
application of atomic power for peace. 
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COMPANY LIMITED 


Cc. A. PARSONS AND COMPANY LIMITED - A. REYROLLE AND COMPANY LIMITED 
HEAD WRIGHTSON AND COMPANY LIMITED - SIR ROBERT MCALPINE AND SONS LIMITED 
WHESSOE LIMITED - STRACHAN AND HENSHAW LIMITED 
ALEX FINDLAY AND COMPANY LIMITED - CLARKE CHAPMAN AND COMPANY LIMITED 
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An artist's impression of the new 360,000 kw Nuclear Power Station under construction at Hunterston 


ATOMIC ENERGY DIVISION 


THE GENERAL ELECTRIC CO. LTD. MAGNET HOUSE : KINGSWAY « W.C.2. 

















